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The great practical use of machinery to a com- 
mercial country is so well known, and its superi- 
ority to animal force so^'lis^fe^^llJ acknowledged 
and felt in every branch Q^ur ji^ftmifactureSj that 
but little apology ftill^be necessary for introducing 
to the man of science and_ the practical artizan a 
work, the avowed object of which is to render the 
uses and general principles of the steam engine 
familiar to every class of persons. That it has 
enabled England to support a proud pre-eminence, 
both in arts and political power, is equally appa- 
rent ; and, by the aid of its gigantic arm, we are 
now enabled to traverse the ocean and facilitate 
the transit of our maniifactured goods by land, to 
an extent far beyond what its most sanguine well- 
wishers could ever have calculated on. The rail- 
roads which are now spreading so rapidly over 
Great Britain, like the arterial ramifications in the 
human system, bestowing fertility and civilisation 
in their path, alone form an era in the history of 
the progress of human improvement. 

The principal object to be attained by the em- 
ployment of the steam engine, as well as of every 
otlier species of machinery, being the reduction of 
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animal labour, it may be advisable, before we pro- 
ceed to the more immediate subject of the present 
work, to compare the various species of artificial 
power that have hitherto been employed for that 
purpose ; and by this method we may be enabled 
to calculate with certainty and precision on the 
most economical mode of producing a given force. 
To form, however, an accurate estimate of the 
saving thus eflfected, it will be necessary to ex- 
amine, though but briefly, the amount of animal 
force and its result as applied to machinery. 

From the most accurate observations, it ap- 
pears that the physical powers of the human race 
differ very widely, not only in various individuals, 
but also in different climates ; the value of a man 
therefore, as a working machine, will not be so 
great beneath the torrid zone as in the more tem- 
perate climate of Europe. This will serve to illus- 
trate the great advantage which our Colonists, par- 
ticularly in the West Indies, would derive from 
the more general employment of inanimate force ; 
the day-labour of a negro in the sugar countries 
amounting to little more than one-third of that 
performed by an European mechanic. 

A labourer, working ten hours per day, can 
raise in one minute a weight equivalent to 3750 
pounds one foot high, or about sixty cubic feet 
of water in the same timo; while the power of a 
!>-- — working eight hours per day, may be cor- 
rogcd at 20,000 poiuids. Smeaton states. 
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that this animal, by means of pumps, can raise 
two hundred and fifty hogsheads of water ten feet 
high in an hour. It is a well-known fact, also, 
that men, when trained to running, are able, on the 
average of several days being taken, to outstrip 
the fleetest horse; and yet it will be seen from 
the above statement, that his force, if properly 
applied, is nearly equal to six times that of the 
most powerful man. 

The use of water as an impelling power, both 
for the turning of machinery and other purposes 
connected with the useful arts, appears to have 
been known at a very early period. Vitruvius 
describes a variety of machines for this purpose, 
the earliest of which were employed merely to 
raise a portion of the fluid by which they were 
impelled. The most simple method of applying 
this element as a mechanical agent evidently con- 
sisted in the construction of a wheel, the periphery 
of which was composed of a number of float- 
boards. This, on being exposed to the action of 
a running stream, was afterwards employed to give 
motion to a variety of mills, and is at the present 
time employed in almost every species of ma- 
chinery. 

Among the most celebrated hydraulic machines, 
we may enumerate the Machine of Marly. This, 
when first constructed, appears to have produced 
one-eighth of the power expended, so that seven- 
eighths of its power were usually lost. This mis* 
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applied power was afterwards found so injtriads 
to the engine^ that the wear it occasioned reduced 
the mechanical eflPect very materially. But this 
may be considered as an extreme case^ and we 
select it merely as an instance of that total i^o-^ 
ranee of the first principles of mechanics which 
characterised many foreign engineers of the last 
century. 

It may, however, be advisable to examine the 
ratio of power expended in comparison with that 
of the effect produced in some of the most simple 
hydraulic machines ; and, by this calculation, the 
amount of friction, &c. may be accurately ascer* 
tained. 

Undershot water-wheel 9 = 3 

Overshot ditto 10 = 8 

Hydraulic Ram (this machine will make 

from 20 to 100 strokes per minute) . . 10 = 6 
Large machine at Chremnitz (each stroke 

occupying about three minutes) ... 9 = 3 

But the water-mill, which is the usual machine 
employed, even in its most improved form, is far 
firom being beneficial either to the agriculturist or 
the manufacturer. The former is injured by the 
laws which prohibit the draining of mill-streams 
for the purposes of irrigation, by which much im- 
provement is kept back that would otherwise take 
place ; while the health of the latter, in the imme- 
diate neighbourhood of manufacturing districts, is 
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much ngiired by the stagnant condition of the 
water which is thus unnecessarily dammed up. 

Wind, which we may consider as the next sub- 
stitute for animal power, appears tO' have been 
first employed to give motion to machinery in the 
beginning of the sixth century. The use of this 
species of mechanical force is, however, principally 
limited to the grinding of corn, the pressing of seed, 
and other simple manipulations ; the great irregu- 
larity of this element precluding its application to 
those processes ivhich require a continued equable 
motion. 

A windmill with four sails, measuring seventy 
feet from the extremity of one sail to that of the 
opposite one, each being six feet and a half in 
width, is capable of raising 926 pounds two hun- 
dred and thirty-two feet in a minute, and of work- 
ing on an average eight hours per day. This is 
equivalent to the work of thirty-four men, twenty- 
five square feet of canvass performing the average 
work of a day labourer. A mill of this magnitude 
seldom requires the attention of more than two 
men ; and it will thus be seen that, making allow- 
ance for its irregularity, wind possesses a decided 
superiority over every species of animal labour. 

To shew, however, the great advantage which 
the steam engine, even in its rudest state, possesses 
over mere pneumatic or hydraulic machinery, we 
will now examine its effective force when employed 
in the working of pumps. It has been already 
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stated^ that the machine of Marly, formerly con- 
sidered the most powerful engine in the world, 
when first erected lost seven-eighths of its power 
from friction and other causes ; while the over- 
shot water-wheel, which can act only in favourable 
situations, produces nearly eight-tenths of the force 
employed. Now, it is stated by Dr. Desaguliers, 
that the atmospheric engine working at Griff- 
mine, nearly a century back, produced full two- 
thirds of effective force for the power employed ; 
and this, too, at a comparatively moderate expense. 
We find, farther, that a hundred-weight of coals 
burned in an engine on the old construction, 
would raise at least twenty thousand cubic feet of 
water twenty - four feet high ; an engine with a 
twenty -four inch cylinder doing the work of 
seventy-four horses. From this it will be seen 
that a bushel of coals was equal to two horses, and 
that every inch of the cylinder performed nearly 
the work of a man. 

But if we pass from the infancy of the steam 
engine to the maturity of its powers, the result is 
more extraordinaiy than could have been anti- 
cipated even by the theoretical investigator. In 
1776 Mr. Watt's engines were warranted to raise 
twenty miUions of pounds of water one foot high 
with a single bushel of coals. This amount was 
not materially increased till 1810, when Mr. Woolf, 
whose engine is described in the present work, 

Toduced his improvements into Cornwall; and 
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we find that the use of steam worked expansively 
has since more than doubled its powers. In 1830, 
of fifty-two engines reported, the average duty 
amounted to rather more than forty-three millions 
of pounds ; and since that time we find a single 
engine raising the enormous load of between eighty 
and ninety millions of pounds one foot high with 
a single bushel of coals. 

To the mining interests this valuable present of 
science to the arts has been peculiarly acceptable ; 
as a large portion of our now most productive 
mineral districts must long ere this have been 
abandoned, had not the steam engine been em- 
ployed as an active auxiliary in those stupendous 
works. In the draining of fens and marsh lands 
this machine is in the highest degree valuable ; and 
in England, particularly, it might be rendered still 
more generally useful. In practice it has been 
ascertained that an engine of six-horse power will 
drain more than eight thousand acres, raising the 
"Water six feet in height ; while the cost of erection 
for an engine for this species of work, including 
the pumps, will not exceed seven hundred pounds. 
Tliis is more than ten windmills can perform, at 
an annual expenditure of several hundred pounds. 
To the mariner, also, the steam engine offers 
advantages of a no less important and novel na- 
ture than those we have already described. By its 
use he is enabled to traverse the waters both against 
wind and tide, with nearly as much certainty, and. 
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as the machinery is now constructed^ with much 
less danger^ than by the most eligible road con- 
veyance. 

In proof of the importance of this application of 
the steam engine^ it may be enough to quote the 
opinion of a committee of the House of Commons 
lately published. They state^ that in " three years 
the tonnage on one of the great Irish rivers has 
increased more than seven-fold;" and this, too, 
entirely from the facilities to trade wliich have 
resulted from steam navigation. In 1824, the 
first steamer was established between Liverpool 
and Dublin. Since that period more than forty 
vessels have been built, with a capital of at least 
seven hundred thousand pounds. On the Kentish 
coast large towns have been created where there 
was formerly little more than arid sands and fish- 
ing villages ; and the facility of transport enables 
the inhabitants of the metropolis to enjoy the ad- 
vantages of a residence in places formerly entirely 
beyond their reach. It too frequently, however, 
happens that the faults of any new invention are 
unjustly magnified, while its real advantages are 
seldom duly appreciated ; and this axiom has been 
fiilly verified in the clamour so unjustly raised 
against the application of the steam engine to 
nautical purposes. Accidents are now, however, 
of but rare occurrence ; and it is more than pro- 
bable that the great improvements that have been 

wle in the boiler and safety-valve will efiectually 



secure these parts of the engine from a recurrence 
of those tremendous explosions which unfortu- 
nately characterised the first introduction of steam 
navigation. 

And, lastly, the political economist must hail 
with the most heartfelt gratification the intro- 
duction of so able and efficient a substitute for 
animal labour as the steam engine. By the aid 
of its powers in impelhng machinery, hundreds of 
thousands of human beings may be supphed with 
the necessaries of life from the same soil as was 
previously required to produce the food of ani- 
mals ; and the argument usually urged against this 
gigantic prime mover, namely, that it displaces 
human labour, is altogether fallacious. The fact 
is perfectly true: but the inference usually drawn 
is altogether erroneous. Without the aid of the 
steam engine, the commercial industry of this 
country must instantly sink before the compe- 
tition which would then ensue with the rest of 
Europe. And though it throws many of the ope- 
rative classes out of employ, it opens new chan- 
nels for their productive industry. The fact is, 
that with a population more dense than is to be 
found in any other part of Europe, the humblest 
classes of the natives of the British isles are en- 
abled to procure comforts which in other countries 
are viewed as the exclusive property of the rich 
and influential of the land ; and the spirit of 
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commercial speculation which is generated by the 
successful employment of the steam engine, offers 
independence to those who judiciously employ its 
powers, and opens a path to the highest rank in 
the state. 
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commercial ^eculotioa which is :xenerateii by the 
succeasliil eraploymenc of the ^fteam emrine, offers 
independence to those who judiciously employ its 
powers* and opens a path to the highest rank in 
die state. 
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As the whole power of the Steam Engine depends on the 
employment of elastic vapour, produced from water at dif- 
ferent temperatures, varying from 212 "* , or the boiling point 
of Fahrenheit's thermometer, to 900° of the same scale, it 
XDoy be advisable in the first instance to examine some of 
the principal phenomena connected with the formation of 
vapour in its most simple form, and its application to the 
steam engine will then be sufSciently obvious. 

Steam is highly rarefied water, the particles of which 
are expanded by the absorption of caloric, or the matter of 

B . 
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heat. Water rises in vapour at all temperatures, though 
this is usually supposed to take place only at the 
boiling* point : when, however, the evaporation occurs be- 
low 212°, it is confined to the surface of the fluid acted 
upon, but at that heat, steam is formcjd at the bottom of 
the water, and ascends through it, preventing its elevation 
to a higher temperature, by carrying off the heat in a latent 
form. At the common pressure of the atmosphere, one 
cubic inch of water produces nearly 2000 cubic inches of 
aqueous vapour or steam ; but the boiling point, as we have 
already stated, varies very considerably, and the density 
of the vapour produced is materially affected by the atmo- 
spheric pressure* Thus in a vacuum water boils at about 
70*, under comnum pressure, at 212*; and when pressed by 
a column of mercury, five inches in height, water does not 
boil until it is heated to 217* ; each inch of mercury produc- 
ing by its pressure, a rise of about 1 * in the thermometer. 

According to Dr. Ure^s elaborate experiments, the elastic 
force of this vapour at 212* is such, that it is equivalent to 
the pressure of a column of mercury 90 inches in height; 
at 226**3, to that of ^ inches ; at 238*.5, to S0.3 inches ; 
at 257**5, to 69.8 inches; at 273*.7, to 91.2 inches; at 
285**2, to 1 12.2 inches ; at 312*, to 166 inches; and Mr* 
Woolf has ascertained that at these traaperatures, <»nitting 
die last, a cubic foot of steam will expand to about five, 
tan, twenty, diirty, and forty times its volume respectively ; 
ite dastic force, when thus dilated, being in each case equal 
to die ordinary pressure of the atmosphere* 

The following tables are however the result of direct ex- 
periment on the elastic force of steam and its power to sup- 
port a given column of mercury, and aldiough there is scnne 
discrepancy in the results which are thus presented, they 
will furnish important data for the future experimentalist* 

le hitter table has been fumisbed by the French Royal 
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Academy 9 who were requested to report upon the compa^ 
rative degrees of safety between high and low pressure 
steam engines. 
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F represents a raiiMron in which steam is generated by 
the applicntion of a concealed furnaee beneath. The tube 
E and bent arm B are intended to convey the elastic va- 
pour, thus produced, to a revolving bail G, which is con- 
oecled by a steam-tight joint at B- Two tubes bent to a 
right angle at A and D, are the only parts open to the 
air; and i» the Nteam rushes out from these minute aper* 
tares, (he reaction produces a rotatory motion. The 
second of these candidates was an Italian philosopher, of 
considerable eminence, and who, in 1629, published a trea- 
tise entitled, " Le Machine, &c." which contained a descrip- 
tion of an apparatus for the same purpose. 

Brancas's revolving apparatus, as will be seen by refer- 
ence to the following diagram, was still more simple than 
that contrived by Hero. 




A hollow copper, representing the head of a negro, and 
filled with water, was funiished with a small tube, and is 
seen to give motion to a float-wheel, which is impelled 
by the action of the elastic vapour generated with- 
in. The work in which this engine was first described, 
was published in 1629. It is exceedingly rare, and the 
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above diagram is accurately copied from an engraving iu 
the posseasioD of Major Colby. 

A slig'ht examination of the principle upon which this 
simple apparatus is constructed, will show that no very 
considerable force could have beeu obtained ; as the steam 
passing through the atmosphere in its passage to th« 
wheel, must, to a certain extent at least, be converted into 
water. 

After the publication of this scheme, wliich it is proba- 
ble was never put in practice wilh any useful effect, nearly 
thirty years elapsed ere the farther consideration of the above 
important subject was resumed by the Marquis of Worces^ 
ter. The mode of employing steam recommended by tlM 
Marquis, and which he describes in his " Century of Inven- 
tions" to have completely carried into effect, was entirely 
different from that of his predecessor; and it is evident 
that the noble author had received no previous hint of 
Brancas' invention, as he expressly states in another part 
of the above work, " that he desired not to set down uny 
other mens' inventions ;" and if he had in any case acted 
on them, " to nominate likewise the inventor.*" 



4 



• This woife was written aboa t tbe middle of the seventeenth century, an^ 1 
considered as a description of the united diacoTeiies of one individual, is cer 
tainlyone of tbe uoBt extraordinary acicntifii; productions which has yet is 
BQed from the press in any age or nation. In addition, Lowevcr, to its vilIu^ 
u containing the first tiin);ible suggestion for the employment of steam, 
aa an hydraulic and bydiostatic force, it has unquestionably fanned thfl ' 
foundation of a lai^e portion of tbe patent iuvenliuns, whicb make so | 
prominent o feature in the present day. The praiscivorlhy labours, how- 
ever, of this indefatigable nobleman, shared the fate which usually atteodl 
on projectors ; and it was left to the slow though eertain march of seit 
entiEc improvement, to award In his memory a posthumous pr*iae, The 
Man|nis also published a work, entitled, " An exact and true Dflinition 
of the most stupendous Water-commanding Engine, invented by tbe Sight 
Honourable (and deservedly to be prai^dand admired) Edvtard Somerset. 
Lord Marqais of Worcester, and by hia Lordship himself pntsanted to 
liis most excellent Majesty Charles the Second, our most ftracious Sote- 
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It is said that the MarqiiU, while confined in the Tower 
of London, was preparing some food on the fire of his 
apartment, and the cover having; been ch)sely fitted, wa*, 
by the expansion of tlie steam, suddenly forced off and 
driven up the chimney. This circumstance attracting hia 
attention, led him to a train of thought, which terminated 
in this important discovery. But no figure has been pro- 
served of his invention ; nur, as we liave good reason to 
suppose, any description of the machine he employed, ex- 
cept the sixty-eighth article in the above-mentioned work. 
We shalf content ourselves, therefore, with extracting 
that article from the noble author's MS. preserved in Hie 
British Museum. 

" An admirable and most forcible way to drive up water 
by fire ; not by drawing or sucking it upwards, for that 
must be as the philosophers call it, infra sphwram itctivi' 
ttttin, whirh is but at such a distaiice. But this way hath 
no boundary, if the vessels be strong enough ; for I have 
taken a piece of a whole cannon, whereof the "end was 
burst, and filled it three quarters full of water, stopping 
and screwing up the broken end, as also the touch-hole ; 
and making a constant fire under it. within twenty-four 
hours it burst, and made a great crack; so tliat having 
found a way to make my vessels, so that they are strength- 
ened by the force within them, and the one to fill aficr the 
other, I have seen the water run like a constant fountain 
stream, forty feet high ; one vessel of water, rarefied by 
fire, driveth up forty of cold water. And a inau that tends 
the work is but to turn two cocks, that one vessel of n-ater 
being consumed, another begins to force and refill with 



reign," This wui pnblished in a small qii.irUi T»iume of luilj Iwentj- 
twn pagei, nnd connisU of Utile miin tLon an enumentdoa ol' the non- 
derAil properties ur the above engine ; and it is i^ertuin (liat he nerel 
published any key to the first hint furaJBliud in (he a-nliirv of Inventions. 
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cold water, and so successively, the fire beitii^ tended and 
kept constant, which the self-same person may likewise 
abundantly perform in the interun, between the necessity 
of turning the said cocks." Vide Harleian MSS. No. 2428. 
In 1683, a scheme for raising water by the agency of 
steam was offered to the notice of Louis XIV. by an inge- 
nious English mechanic, of the name of Morland. He was 
presented to the French monarch in 1682, and in the course 
of the following year his apparatus is said to have beeD 
actually exhibited at St. Germain's.* The only notice irf 
this plan occurs in the collection of MSS. to which we 
have already alluded, and forms the latter part of a very 
beautiful volume, containing about thirty-eight pages, and 
entitled " Elevation des Eause, par toute sorte de Machines, 
rkduite a la misnre, au potdv, et a la balance, PreseritSe 
a sa Jffajeste tres Chrelienne, par le Chevalier Morland, 
genlilhomme ordinaire de la chambre privee, el maislre dea 
meckaniques du Roy de la Grande Br4taigne, 1683." 

* Sir Sumael Morland waa the nnn of a. baronet of the same name, cra- 
Ued bj King Charles il. fitc hi* bcdIoub services p^irfurmcif during tiie 
King's exile. The sun nas ma<le JUagitler Mechnnicoram by the King in 
1681, and ivas justly celebralEd si. that peiiml for a naiuber of very in' 
^DiuDB invcnliom, among whlvh we maj cntuaerate tile dram capsLui !al 
H«ij(hiDg Buchora, tie spEaWng troiopel, and flri- cngiue. The celebrated 
John Etelyn gires the fi)llowing actounl of a visit paid to him at a very 
lute period of his life ; — 

" Ttte Abp. and myselfe went to Hutnmeramith, toviaite Sir Ssm. Vial-* 
l(ll4 who was entirely blind, u very mortifying sight. Be shewed us hi* 
invention of writing, which waj very ingenious, alsii his wooden kalender, 
which instiiicled him all by feeling-, and other pretty and useful inren' 
tions of mjllj, pumpi, See. and (he pump he bad emeted that serves water 
lu his garden and to passengers, with an iuseription, and brings from a 
filthy part of the Thames neere it a most perfect and ]iare water. He had 
newly buried 300f, worth of musie books six feel under gruund, being, as 
he sstd, love songs and vanity. He plays hinuelf psalms and religions 
hynna on the Thearbt." \iiaiy, Oct. 3dth, 109S. 

About the yenr 1684, Sir Samuel purehused a house &t Hammeramitb, 
and it appeals from the register of that pBrisli, he was buried Jan. 6th, 16iM:. 
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Tbe M8. ia written upon rellum, Hcbly illuminated, and , 
the part which has reference to tbe steam eug^e occupies | 
only four pages, commencinEr nilb a separate title, &c. It I 
ifi also accompanied by a table of tbe sizes of cylinders, 
and tbe amount of water to be raised by a "^iven force of 
Hteam. This curious memoir forms an important link in 
the chain of historical evidence, which tends to prove that 
the English, tbougb not the actual inventors of tbe steam 
engine, were unquestionably the first lo apply its stu- ■ 
pendous powers to any useful practical purpose ; we sball, | 
therefore, offer no apology for presenting it entire to the i 
notice of tbe reader. 



" Les PHncipes de la nottvelle Force du Feu : inventie 
par le Chevalier Morland, Van. 1682, et presentee a son 
MajetU tres Chretiennp, 1683. 

" L'eau etant evapor^e par la force de feu, ces vapeurs 
demandent incontinent une plus grand'espace [environ dens 
inille fuis^ que l'eau n'occupoit auparavant, ct plus lost 
(|ue d'etre toujoura emprisonn^es, feroient crever une piece 
de canon. Mais etant bien gouvem^es selon les regies do 
la statique et par science reduites la mesure, au poitls et a 
la balance, alors elles portent paisibilement leurs fardeaux, 
[comme des bons chevaux,3 et ainsi servoient elles du 
grand usage au gendre humaiu, particulierement pour 
I'elevation des eaiix, selon la table suivante, qui marque 
les norabrcs des livres qui pourront etrc levies ISOO fois 
par heure, a six pouces de louee, par de cyliiidres a moiti^ 
remplies d'eau, aussi bieu que les divers diametres et pro- 
fondeurs des dits cylindres."* 



• The principles of Ihe new Power of Fire ; imented by ilic C'liev. Mot- 

lutd in the yeu 16S3, aud piesenled tu his most Chriatian Mi^esly, I6H?. 

Water bBing evaponlad bj the power of fir^ tbe itifoni iluirtljr acqnim. 
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Table of the. Diameter and Length of Steam Cylindera; 
with the dumber of Pounds Weight to be Taised. 



CVUSDERS. 


Livres <Iii poids, pnur ^tre leves. 


Diani. en pieds. 


Prof, en pieds. 


I 


2 


15 


a 


4 


120 


3 


6 


405 


4 


8 


960 


5 


10 


1875 


6 


13 


3240 


Nombr^a des Cylindrcs, qui out 




pour diuDeUe 6 pieda, et 13 




pieds de profondeur. 




1 


3240 


a 


6480 


3 


S720 


4 


12960 


5 


16200 


6 


19440 


7 


22680 


8 


25920 


9 


29160 


10 


33400 


•iff 


64800 


30 


97200 


4U 


129600 


50 


163000 


60 


194400 


70 


226800 


80 


259200 


90 


291600 



Id 1605, Papin, then resident at CasEel, published a 
work, describing a variety of misthods for raising water, in 

a greater upace (neiir two tlioasand times) than the witter uccupied 
iKFore ; and was it to be alwiiyii confiDed, would burst a piece of cannon. 
But being well-regulated according to the laws of gravity, and reduced 
by acience to measure, to the weights and baJancB, then Ihey carry 
their burdens peaceablj, (Ute good horses,) and thus become of great 
use to tnankini^ particularly for the elevation of water, according to the 
following tabic, which marks the number of pounds that maj be miaed 
lano times per hour, by cylinders half fuU of water, as well as the different 
diameters and depths of the sitid cylindei's. 
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wbich be ttxamenadeM the abov^ inyeation. Being unabte 
to procure this tract, we hisert the foHowirig' translation of 
that part which relates to the steam engine* It occurs in 
the Transactions of the Royal Society, for 1697* After 
alluding to the inconvenience of forming a vacuum by 
means of gunpowder, which was one of his early propo- 
sitions, he reconunends ^^ the alternately turning a small 
surface of water into vapour, by fire applied to the bottom 
of the cylinder that contains it, which vapour forces up thie 
plug in the cylinder to a considerable height, and which 
(as the vapour condenses, as the water cools when taken 
from the fire) descends again by the air's pressure, and is 
applied to raise the water out of the mine." 

In 1698, Captain Savery obtained a patent for a new 
mode of raising water, and conununicating motion to a 
variety of machines by the force of steam ; and in the fol- 
lowing year a working npiodel of the above engine, was 
submitted to the Royal Society, who then held their sit- 
tings in Arundel House.^ Savory's engine was em- 
ployed to raise water to a given he^ht by the pressure of 
the atmosphere, and then to force the fluid up the remain^ 
ing elevation, by the power of steam acting on the surface* 
The engine suggested by Savery, for the purpose of 
raising water, consisted of a boiler o, furnished with a 
safety-valve m. The steam vessel s was connected with 
the well c by a suction-pipe A, and when water was to be 
raised, the vessel s was filled with steam, which, rushing 
in, soon expelled the air.. When that was completely 



* The following notice of this machine is inserted in their Tmnsactioiis 
for that year. 

" Mr. Savery, June 14^ 1699, entertained the Royal Society, with shew- 
ing a small model of his engine for raising water by the help of fire, which 
'.he set to work before them. The experiment succeeded according to ex- 
pectation, and to their satisfaction " 
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^ffiscted, tlie oommanicatiob wifli the boiler was closed 
by tte handle, and the steam condensed by the intro-* 
diictim of water at e, t, which, diminishing* its bulk. 




formed a vacuous space within the vessel ; the pressure of 
the atmosphere then operating upon the surface of the 
water at c, drove it up the pipe. In this form of the appa^ 
ratus, the inventor was seldom able to raise water more 
than thirty feet ; and when a greater altitude was required, 
it was effected by the impellent force of the steam. "This 
was accomplished by the ascending pipe acf, which was 
sometimes carried sixty feet higher than the steam vessel «« 
After condensing the steam, and filling the vessel $ with 
water, a new supply of steam was then introduced, which 
pressing on the surface of the water, drove it up the pipe 
d; and }t will be evident that the pressure on the internal 
surface of the boiler must be proportioned to the height of 
the colunm of water thus raised by the steam. 

The principal objection to this form of the engine arises 
from the great consumption of fuel, — a considerable por- 
tion of the caloric employed in the generation of the steam 
being absorbed in heating the new surface of cold water 
last raised from the well ; and where great heights are re* 
quired, there appears no mode of completely obviating this 
objection. Shoidd it, however, be required merely to raise 
water about thirty feet, there are few contrivances more 
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ectHWHnical, or heller adaptt^ for ^vner^ use. While 
iqieaki'ng' of Savery's apparatus, H may be advisable to 
notice the very ingenious adoption of the same principle to 
the construction of a gas engine by Mr. Brown. In the 
latter case a yacuum is formed by the introduction of an 
inflamed jet of carburetted hydrogen gas, which consumes 
the oxygen, and rarefies the nitrt^n by the increase of 
temperature which ensues. The vacuum thus produced is 
much more perfect than would at 6rst view bare been sup- 
posed, from the nature of the process resorted to by the 
patentee ; but (he economy of employing hydrogen gas, as 
a substitute for condensable vapoar, is still somewhat 
problematic. 

In the engines constructed under the authority of Sa- 
very's patent, it was necessary (or a labourer to be in con- 
stant attendance for the purpose of turning the cocks, 
which alternately admitted the steam and condensing water. 

tM. de Moura however effected a considerable improvement 
in this part of the engine, by constructing a self-ACting 
apparatus for this purpose. 
From the above facts it will be seen, that Savery's engine 
was not adapted either for the supply of towns or the drain- 
ing of mines, (two of the patentee's principal objects,) the 
latter of which were often of considerable depth; but a 
number of small ones were erected for the raising of water 
in gentlemen's pleasure grounds, in different parts of Eng- 
land. Dr. Desagiiliers tells us that he made seven of these 
engines : the first was for the Czar, Peter the Great, for 
his garden at Petersbui^h, where it was set up. The boiler 
was made spherical, and held between five and six hogs- 
beads. The receiver held one hogshead, and was filled 
and emptied four times in a minute. The water was drawn 
up by suction, or the pressure of the atmosphere, twenty- 
nine feet high out of the well, and then pressed up eleveu 
II 
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feet higher. The pipes were all of copper, but soldered 
lo the suction piece with soft solder, which held very well 
far that heig'Iit. Had, however, the amount of pressure 
been ^eater, it must have burst the metal, and produced 
the most mischievous effects. 

It was soon found that the mode of producing a vacuum 
in these ena^ines was liable to the most serious objections, 
not the least of which was the unnecessary waste of steani ; 
and an improvement on the original construction was 
shortly effocted, which, although not capable of completely 
correcting this defect, produced a considerable saving in 
the amount of fuel employed. 

It has been already stated, that Savery's first mode of 
condensation consisted in throwing a quantity of cold water 
on the oiitside of the steam vessel employed to form a 
vacuum in the pipes ; and on the re-admission of steam it 
was found necessary to restore the heat previously absorbed. 
To prevent tliis, a small jet was inserted, which striking 
against the steam, converted it into water without sensibly 
lowering the temperature of the vessel. When the repel- 
lent force of steam was employed in this engine, the waste 
of fuel was still more considerable ; great part of the steam 
being condensed upon coming in contact with the surface 
of the water, so that it could not be brought into action till 
a large portion of the cold fluid was raised to the boiling 
puiut. As a further improvement on this engine, Papin 
introduced a moveable disk or float, which was interposed 
between the water and steam, and, by being pressed upon 
the former, forced it iip the connecting pipe without the 
steam coming into actual contact with the water. 

An ingenious combination of Savery's and Papin's appa- 
ratus was proposed in 1805, by Mr. James fioaz of Glas- 
gow, by which water can be raised without condensing the 
steani. a, is the steam cylinder, *, the pipe fhun the boiler, 



^ 
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harii^ a stop-cock t k, a waste steam cock ; e, a floatinif 
piston attached to a pistODf-rod ; e a pipe which general/ 




jv *■>]}*_ i !■ 



coBtains hot water. A water pipe, having a valve at ^ is 
immersed in the well, and delivers the water into the reser- 
voir, through a valve z. The air which acciimiilate« in 
the receiver escapes at m ; d, is the rarifying or exhausting 
vessel. 
The whole being filled with mercury and water, shut the 
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air-valve k, and open i ; the steain from tlie bwiU'r will rush 
into tlie receiver, and after beating- the water, it presses on 
its surface, forcing the mercury up into tlie exhausting 
vessel d, where it acts as is shewn iu the engraving. 
The water above c, and in the pipes e,J', will he forced 
up into the cistern v, in a quantity nearly equal to 
the space occupied by the steam in the receiver. Wheu 
the piston has been depressed as far as is necessary for its 
stroke, the self-actings mechanism attached to its rod, shuts 
i, and opens k ; and the mercury now being at liberty to 
act by its gravity, descends from the exhausting pipe, and 
raises the piston to its first position ; and the steam which 
pressed it downwards being allowed to flow into the atmos- 
phere, the fall of the mercury from d, into a, leaves a va- 
cuum in d, into which the water from the well is pressed 
by the atmosphere, and again fills it. The valve at g, pre- 
vents its return to the well in the operation of forcing; 
and the valve z, prevents its fall from the cistern when the 
vacuum is made in d. 

Neivcomen, who is generally considered as the inventor 
of the atmospheric engine, appears to have been an iron- 
monger, resident at Dartmouth, in Devonshire; and that 
he was a man of considerable practical ingenuity, is sutH- 
ciently evident from his arrangement of the engine sug- 
gested by Dr. Papin. 

Savory's engine having failed, from the causes we have 
already stated, the mines were nearly all at a stand for 
want of some cheap and eHJcieiit machine for the purpose 
of clearing the more distant workings. About this period 
Newcomen, having associated himself with John Cawley, a 
native of the same town, proposed to erect engines capable 
of supplying this desideratum ; and taking the exhausted 
cylinder of Otto Guericke for a model, applied Papin's 
mode of producing a vacuum to the above machine. 
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A very simple, and at the same time, ingenious mode of 
illustrating the operations of an atmospheric steam engine, 
will be found in the annexed apparatus, employed by Pro* 
fessor Brande, in his lectures at the London Institution* 




The glass tube and bulb b is shewn widi its piston t ; 
the rod being hollow and closed by a screw e. If steam 
be generated by the spirit lamp df, the air will speedily be 
expelled; and after this is effected, the screw c may be 
closed, and a working stroke produced by artificial con- 
densation. 

To understand the action of this machine, we must con- 
ceive a hollow tube or cylinder, furnished with a piston, 
made to fit air-tight, and indeed in all respects similar to 
a common syringe. At the bottom of this are several aper- 
tures : one to communicate with the steam boiler, and fur- 
nished with a cock to op^i and shut the conununication at 
pleasure; another for the admission of cold water; and a 
third to carry off the condensed steam and ejection water. 
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A fiBnall lateral ^>ertiire ift $dso fonued with a Talve fp 
allow the escape of the air^ or permanently elastic gas, 
which will not condense by the application of cold water : 
this last is called the wifiing dock. 

If the piston he now raised to the top of the cylinder, 
and steam admitted, the air will be ejected by the snifting 
clack. The steam is then cut off,' and the cold water al- 
lowed to enter, which omdensing, the steam forms a vacumn 
beneath the piston, which is pressed down with a force 
proportionate to its diameter. 

In a working engine for the draining of mines, the piston 
rod is attached by a chain to the end df a long lev^, work- 
ing on a fiildrum at the c^posite end of which are sus- 
pended die rods c^ the pumps intended to .raise the wat^ : 
the weight of these rods exceeds the weight of the piston 
so much as to draw it up to the top of the cylinder, and 
the machine is thus ready for the admission of steam, and 
the production of an entire stroke. A graphic illustration 
of this engine is given in the descriptive part of oor work. 

The first really efiective engine on this construction ap- 
pears from a MS. to which we have already referred, to 
have been erected at Wolverhampton, near the half mile- 
stone leading from Walsingham to that town. 

In 1718, the patentees agreed to erect an eo^gine for the 
owners of a colliery, in the county of Durham, where seve- 
ral hundred horses were employed. Mr. Henry Be^hton, 
who was engaged as an agent in this concern, not approv- 
ing of the intricate manner of opening and shutting the 
cocks, fm* tte admission of steam^ water, &c. which were 
th^n moved by strings and catches, invented by a boy of 
the name of Potter, ^ooiployed a hanging bar attached to 
the great working beam for that purpose. 

The douUe^cdng steam engine does not differ vary 
materially from those "we^ have already described. It was 

c2 
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first suggested by Dr. Faick, who published an account of 
his invention in 1779. The chief improvement which he 
introduced was ihe use of two cylinders, into which the 
steam was alternately admitted by a common regulator, open- 
ing the commnnicatioD with the steam to one. whilst it shut 
up the op«iing of the other. The piston rods were kept (by 
means of a wheel fixed to an arbor) in a continual ascend- 
ing and descending motion, in the same manner as the rods 
of a common air-pump, while the nutfacting in the upright 
racks, wan made to work the pumps, which were thns kept 
In constant action. 

From this it will be seen, that in a double-cylinder en- , 
gine, where two cranks are used, the fly-wheel, which ia ^ 
utnially employed as a magazine of power, may be entirely 
dispensed with ; which, in the reciprocating engine, is an 
advantEige of considerable importance, as the whole power 
of the engine must, in certain positions of the crank, depend 
upon Ihe action of the fly-wheei. 

The fire wheel of M. Amontons, and the steam wheel or 
his countryman Deslandes, were very ingenious, though 
both of them much too intricate for general use. The first 
of these inventions consisted of a number of buckets placed 
in the circumference of a wheel, and communicating with 
each other by very intricate circuitous passagas. One part 
of this circumference was exposed to the heat of a furnace, 
and another to a cistern of cold water. The communica- 
tions were so disposed, that the steam produced in the 
buckets on one side of llie wheel, drove the water into 
buckets on the other side, so that one side of the wheel was 
always heavier than the other, and this constant addition 
of weight produced a rotatory motion. 

Various attempts have been made at difl'erent periods to 
employ the steam engine in the draining of land. M. Fran- 
9oi8 was, we believe, the first who suggested iti practical 
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application to this purpuee. He proposed to employ an 
engine on Savery's plan, and added machinery to open and 
shut the cocks. Two or three lara;e engines have been 
constructed in this country, which have since been em- 
ployed in Holland with the most beneficial effects; and 
there is no doubt but that their value, when duly appre- 
ciated, win be sufficiently obvious. This is more particu- 
larly the case in those tracts of low and swampy ground, 
whose outfall lies at a considerable distance, and which 
has previously to pass through ground of a higher level, 
la some instances it has been found necessary to cut drains 
or rather trenches of from ten to twenty feet in depth, and 
this too for several miles in length. 

The late Mr. Savory, of Dowiiham, who gave consider- 
able attention to this brancli of civil engineering, states the 
cost of an engine of twenty-horse power fitted np for this 
purpose at fifteen hundred pounds, and tliat this will do as 
much work as a mill with a forty-feet sail, when in full 
velocity. The advantages that may be derived from the 
use of steam in (he fens or marsh country, appears, from 
the same authority, to be of the first importance. In case 
of intense frost, the uniform velocity, with the opportunities 
of communicating heat, would prevent the engine from 
freezing, to which, from the uncertainty of winds, the other 
engines are very much subject. The consequence is, that 
a great fall of snow coming at the same time that the mills 
have not been in a state to prepare the ditches to receive 
the overplus water which it occasions, an inundation gene- 
rally takes place in the fens ; and, as the waters rise very 
rapidly under these circumstances after a thaw, it fre- 
quently occurs, that when the mills are set at liberty from 
the effects of ice, they are for some days incapable of suc- 
cessfully opposing the accumulation of water. On the 
other hand, by adopting the means of steam, tlie engines 
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would be workh^ in full effect durmg' the coirtiiniance (^ 
a frost, and the ditches being kept prc^portionably low, 
woald at all times be capable of dischargii^ the water, 
and thus prevent inundation. 



IMPROVEMENTS 



EFFECTED BY 



MR. WATT, AND OTHERS, 



DOWN TO THE PRESENT TIME. 



CHAP. H. 

Baulton and Watt — Cartwright — Smeaton — Horn blotoer 
— Htgh^pressure Engine — Woolf^s Improvements — /?o* 
tatory Engines-^Kempel — Sadler-^Cooke — Bell'-crcmk 
Engine-^-Employment of thfi Steam Engine in North 
Americdy and the Colonies — Locomotive Engines, 

In the engine usually ascribed to Newcomen, the steam 
was not empl(^ed as an impelling power, but was used for 
producing a vacuum beneath the piston, which was after- 
wards forced down by the pressure of the atmosphere ; and 
it was left to the masterly and towering genius of an 
otherwise obscure mechanic, to quadruple the force of this 
stup^idous machine, and thus by one step, perfect the 
labours of the preceding century. 

Mr. Watt's attention was first drawn to this subject, by 
the examination of a small model of an atmospheric engine 
belonging to the University of Glasgow, which he had un- 
dertaken toi repair. In the course of bis experiments with 
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it, he found the quantity of fuel and injection water it re- 
quired, much greater in proportion than in the larger en- 
gines; and it occurred to him, that this must be owing to 
the cylinder of this small model exposing a greater surface 
in proportion to its contents than was effected by larger 
cylinders. This he endeavoured to remedy, by employing 
non-conducting substances for those parts of the engine 
which came in inunediate contact with the steam. After a 
variety of experiments, the results of which we shall pre- 
sently describe, he succeeded in constructing a working 
model, capable of producing a force equal to fourteen 
pounds on every inch of the piston, and which did not re- 
quire more than one third of the steam used in the conunon 
atmospheric engine to produce the same effect. 

It will be evident that this was as near an approximation 
towards perfection as could possibly have been expected ; 
and indeed much more than was likely to be effected in a 
large engine, as the vapour left beneath the piston pos- 
sessed only one-fiftieenth part of the elastic force of the 
steam employed to form the vacuum. 

Having discovered that the great waste of caloric in the 
old engipe, arose from the alternate heating and cooling of 
the cylinder, by the admission and subsequent condensation 
of the heated steam, Mr. Watt perceived that to make an 
engine in which the destruction of steam should be the 
least possible, and the vacuum the most perfect, it was 
necessary that the cylinder should remain uniformly at the 
boiling point; while the water forming the steam was 
cooled down to the temperature of the atmosphere. To 
effect this, he employed a separate condensing vessel, be-> 
tween which, and the hot cylinder, a conununication was 
formed by means of a pipe and stop-cock. 

Mr. Watt's first great improvement in the engine of 
Newcomen may be best understood by reference to the 
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' anoexed diagram, in whivli a represents tlie cylinder, and 
b its plug or piston made to fit air-tight. Tlie pipe d is 




rnmished with a stop-cock, by means of which the elastic 
vapour is occasionally admitted ; a similar pipe, fiirnislied 
with a stop-cock, at J", passes from tlie other aide of the 
cylinder, and enters the vessel 9; e is a reservoir to con- 
tain water. If we now suppose the piston at the bottom of 
the cylinder, and steam admitted by the pipe d, its expan- 
sive force will elevate the piston, and the whole internal 
cavity of the tnbe will be filled with condensable va- 
pmir. On closing the steam-cock, and opening that con- 
nected with the vessel g, a portion of the vapour will im- 
mediately expand itself, and coming in contact with the 
cold sides of the vessel, a portion of its heat mn^ be ab- 
sorbed by the water at p. A new supply of steam then 
descends, and is also condensed ; and, indeed, the same 
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process ooiitmues till the whole oif'the steam is drawn from 
the tube. A vacuum beiiig thus formed, the pressure of 
the atmosphere will preponderate, and the piston-rod be 
depressed to the bottom of the tube. On closing the stop- 
cock f^ a new portion of steam may be admitted by the 
other pipe, and after raising the piston the process of con- 
densation may be readily repeated. 

The only objection that offered its^f to this admirable 
mode of condensation, arose fram die difficulty experienced 
in getting rid of the water and jair that remained in the 
condensing vessel. When steam wim.generated from water 
that had been freed from air by long foiling, a consider- 
able advantage was obtained; and it was found that a 
power nearly equal to the entire pressure of the atmosphere 
was produced. The great advantage thus obtained will 
be sufficiently obvious, when it is known that, in the en- 
gines previously constnici^, the elasticity of the steam 
arising from the heated injection water remaining at the 
bottom of the cylinder, was equal to one-eighth of the at- 
mospherical pressure, and consequently destroyed an equal 
proportion of the power of the eiigme. 

The mode of condensing the steam, by the application 
of cold water to the outside of the icondenser, was soon 
found inconvenient from the great size and expense at- 
tendant on the use of this apparatus ; and Mr. Watt intro- 
duced an internal jet of cold water, which, striking against 
the steam^ instantaneously reduced it to its original bulk, 
and thus foiined a vacuum. To draw off the condensing 
water, as well as to get rid of tike air that was extricated 
during condensation, he found it necessary to emfiloy a 
small pump, worked by the engine, the size of which was 
proportioned to the amount of air and water generated in 
the condenser. In one of the early engines upon this con- 
structicm, erected a^ Bed'i^orth, three airxpumiM were used ; 
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Iwo liolow, worked by chains connected with the beain^ 
and a third, placed above, wincli received ths hot water 
raised by tbe others. In the engines now constrncted, only 
one air-pump is employed, and this fully answers the in- 
tended pni-pOBP.* 

Another improvement introduced by Mr. Watt, consisted 
in surrounding; the upper part of the cylinder with a cap, 
through a hole in the centre of which the piston-rod work- 
ed air-tight. The force of steam was then substituted for 
that of the atmosphere, and at a pressure of more than fif- 
teen pounds on the inch ; so that when a vacuum was 
formed beneath the piston, steam of considerable impel* 
lent force was entering the upper end of the cylinder, by 
means of a pipe connected with the boiler. 

By thus substituting the force of highly elastic vapour, 
for the ordinary pressure of the atmosphere, the upper and 

• The Bleam engine, as first pruposed by Mr. Watt, therefore uonaiatadtir 
the boilei aiid steam cylinder in Dearly the same fonn aa used by Ncwcu- 
iatai and Beightiin, as before described, except that the cylinder was coated 
with wood to keep it hot ; iiid in lieu of the snifling lalte and eiluctioit 
pipe, for the encnpe iif the air and condensed water, and the injection 
pipe, to throw cold water iota tli« cylinder, he utind an air-pump working- 
into the condenser, which was connected by a pipe to the lower part of the 
i^ljnder, and placed in a cislem of eold water, which was constantly re- 
plenished by a common pump, dra.wing water fruin the nearest well or 
spring, and delivering it into tlie cistern in wliich tbe condenser wan 
placed ; while the surplus water escaped and rm to waste by an outlet 
in the upper part of the oistem, because tlie heated water being light- 
VT than the cold, and less Gt for producing ctindensatiuu, would naturally 
rise to the top. Tbe waler drawn from the condenser by the air-pump 
was likewise carried away by a drain ; because being in a wann state it 
was unfit to be ased, again for condensing, but a part of it was thrmm 
back intn tlie boiler byu small foicii^-pumii, in order to supply the wasto 
trota evaporation. All these eeveral pomps wero worked by the beam of 
tlio engine; and instead of the cocks or sliders that had before been 
mwd, new and more perfect valves were adopted for admitting steam, and 
shutting off tliu t'ommnnication with the condenser at proper intervals, nil 
lit which were opened from the motiim of the beam by theplug-troe OJid 
hand-geer inlrodnccd by Mf. BeiRhton. ' •'■"* ■ -- J 
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nnder sides of the pietca vere preserved at tbe Kune tem- 
perature, and the supply of steam bein^ regulated by the 
width of the aperture, any given amount of force might 
, readily be producefl. lo the atmospheric engine this 
could uot be effected, as the whole pressure of the atmo- 
sphere was made to act on the piston, the instant the va- 
* cuuni was formed by the condensation of the vapour b^ 
' Death ; so that in the event of a pump-rod breaking, by 
' which the elevation of the water might be impeded, and 
' the labour of the engine taken off, the rapid descent of the 
I piston would evidently cause the destruction of the entu-e 
^ apparatus. 

Soon after the completion of his first model, Mr, Watt 

> erected an engine for his friend Dr. Roebuck of Kinoeil, 

near Borrowstownnese, with whom he was afterwards af^ 

sociated in the manufacture of his improved engine : the 

latter gentleman, however, in 1774, disposed of his share of 

■ the business to Mr. Boulton, of Soho.* 



• From Ihia nurseiy of ingenuity has nriginated some of the noblest and 
I moat striking' chefi itrmrrt of mechanical art yet witneasoil. The following 
. at this L-elebraled manufactoiy is from the pen uf Dr. Domin. 
J- It was written in 1768, and when the manufactuiy, although "big will) 
L promise," was little more than a type of its present magnitude. 

" Soho is the name of a hill in the counQi of Staflbid, about two miles 

f hom Birmingham, which a very few years ago was a baireu heath, ou the 

kltleak summit of which stood a naked bat, the habitation of a warrenner. 

" The transformation of this place is a recent monument of the elTecls 

I of trade on population. A beautiful garden, with wood, lawn, and water 

rs one side of this hill ; five ajtacious squares of building, erected 

a the other side, supply workshops or houses for about six hundred peu- 

I'he eitensive pool at the appioath to tliis building, is conrejed to 

! water-whccl in one of the coons, and comrouniuates motion lo a 

ious tmmher of diOeceat toola. The meuhonical inventions for this 

le are superior in multitude, variety, aifd simplicity, to tbuse of any 

mufactoiy in the known norld. 

" Toys and utensils of various kinds, in )^ld, silver, steel, cupper, tor- 
i-shell, enamels, and many vitreous and metallic compositions, witb 
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We have already stated, that Dr. Faick described an 
Bn^ine with two cylinders as early as 1779, which he call- 
ed a double actinff engine; hut similar adFaDtag;eB were 
ubtained by Mr. Watt in an engine with a single cylindw. 
To effect this, he applied the power of the steam to press 
the piston upwards as well as downwards, by forming the 
vacuum alternately above and below the cylinder. When 
it became necessary to connect the piston and beam for an 
npward, as well as for a downward stroke, a double chain 
acting on an arch head weis substituted for the single one 
previously employed ; and this was speedily superseded by 
a rod connected with the working beam, by means of a, 
parallel motion. 

The Expansion Engine was also invented by Mr. Wat^ 
and though not generally employed until 1778, appears ■ 
from a letter written by him to a gentleman of Binningw ., 
ham, to have suggested itself as early as 1769, The prin- 
ciple of this invention consists in shutting oflT the tarther 
entrance of steam from the boiler when the piston has been 
pressed do^vn in the cylinder, for a certain proportion of 
its total descent, leavuig the remainder to be accomplish- 
ed by the expansive force of that steam already intro- 
duced. 

To regulate the time of closing this valve, and as such 
the precise amount of steam adntitted, Mr. Watt employs a 
plug-frame with moveable pins, which may be placed in 
such a manner that the ^eam-valve will shut when the 



gilifed, plated, ant) injaid narka, arc WTf>U);;ht up to the biglieat elegajuw 
of taste, and perfection of executioii in this place. 

" Mr. Boulton, who lias estabiished this great work, baa joined taste and 
philusophj with manufacture und comiQerce ; and from tbe variooi 
brsDcbes of cbemistry, and the uumerous mechanic art* he emplaji, and 
hii extensive correspondence to eveiy comer nf the world, is furnished 
with the highest entertainment, as well as the most lucnitiTe cmplo^T 
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.piston has desceaded one^hal^ oneMliird, imexfoiirth, or at 
any other propo;rtioD. By the iqpplication of this principle 
the piston is made to descend with ao uniform velocity, the 
pressure on the piston continually diminishiifg' as the 
steam becomes more and more rare, and the accelerating 
force which works the engine is consequently diminished. 

The advantages attendant on this mode of admitting 
steam, are however greater in a high«pressure engine 
than in those usually constructed by Messrs. Boulton and 
Watt 

It does not appear that Mr. Watt ^produced any large 
engines on his improved construction until 1774; and so 
slow is the progress of improvement against preconceived 
habits of long standing, or interested clamour, that be 
found the term of his patent was likely to pass away be- 
fore he should be reimbursed. In consequence of this he 
applied to parliament, which, by a l^pblative enactm^it, 
sanctioned the prolongation of the original term for twenty, 
one years. 

Soon aiier the renewal of his patent, Mr. Watt publish- 
ed proposals for the erection of his improved s^engine, and 
in these the advantages to be obtained from its use are 
placed in the strongest light. In an atmospheric eng^e, 
constructed on the most improved plan, a quantity of water 
equal to 9,636,660 pounds, was raised one foot high with 
a single bushel of Newcastle coals; but Mr. Watt under- 
took to raise 24,553,571 pounds, with the same amount of 
fuel. 

The increasing depth of some of the larger works in the 
mining districts, has called for a proportionate increase of 
the power employed ; and many of the engines now erect- 
ed for the purpose of raising water, are of proportions so 
gigantic, as can be conceived only by actual calculation. 
One of the largest is that erected at the Union mine in 
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Cornwall. It is upon Mr. Watt's double-action principle, 
iuid is loaded to exert its utmost force. The steain-cylii^ 
(ler ia eixty-three inches in diameter, and raises water 
equally in the ascent or descent of the piston. The 
weight of water in the pumps is H2,000 pounds; and 
with this load it makes 6f double strokes per minute, of 
7j each, or it ^vei^ to the load lOOj feet motion per mi^ 
nute. To effect this, which is equivalent to raisings 
8,2Gl,-'b00 pounds, lifted one foot high, or the power rrf 
250 horses, it is necessary to consume about thirty-one 
pounds of coat per minute. 

In 1797, the ing:enion8 Mr. Cartwright, well known for , 
the value and variety of his scientific avocations, invented 
a mode of applying the v«ponr of alcohol, or other ardent 
spirit, as a substitute for common steam. In addition to 
the savino^ to be effected by this plan. Mr. Cartwright in- 
tended to employ his engine as a still, by which the whole 
cost of fin'l would be saved.* Such a method, however, 



■icius, tlmt a lUsliuguiBhcd chemist of iJiu present day should 
tuastriictioti uf an cagiae on the folliiwiug plan, irhich, ' 
it will be seen, Is nearly similsc t« lliut described in Mr. Cartwright's 
specification. 

■ " Sini^e the vapour of alcohol, having the same elastic force as the at. 
miMlrfieie, contains -^ of the latent heat of ordinary steam, and since its . 
claatio forue is doubled at the S06tli desree (Eiit lielaw the boiling heat of 
nater) with perhaps one-third of ailditional caloric, might we not, iu par- 
ticular circumstance!!, employ this vapour for impelling the pUton of ■ 
iteain engine ? The eondenaing apparatus, could be, I imagine, so con- 
structed, aa to prevent any material loss of (be liquid, while mure than a. 
quadruple power would be obtained from the same size of cylinder at 213*, 
with an expenditure of fuel not amounting to one half of what aqneona 
lapour consumes; or the power and fuel would be as three to one, 
calling their relation in ordinary steam one to one. A coDsiderablc en- 
gine coald thus also be brought within a very moderate compass. Pos- 
sibly, after a few operations of tlie air-pump, the incnndeoslhle gas may 
be «o effeutnally withdrawn, that wc might be penuittecl ti> detach this 
mechanism, which, though essential to common engines, lakes away one- 
fourth of tiieir power. Inn distillery in this country, or on a suijar-cstale 



HISTOHICAL ACCOUNT 

KB a papability of blending the business of a distiller 
I -with a variety of trades, (o which it is totally inapplicable. • 
A scheme somewhat similar to this, and to which we shall I 
afterwards more fully revert, has lately been attempted by - 
Colonel Congreve, in which he proposes to bwrn a lar^e - 
portion of chalk mixed with the coal, and thus convert the * 
furnace into an efficient lime-kiln. From this view of the 
subject, we (bink it will be seen, that however plausible 
or ingenious this invention may appear in theory, there are 
insuperable objections to its general employment. We are 
still, however, greatly indebted to Mr. Cartwright for the 
mechanical arrangement of the engine described in his 
patent, as it furnishes the first hint of an elastic metal pis- 
ton, which has since been found of the greatest use in 
high-pressure engines. 

The first Portable Steam Engine appears to have been 
constructed by Mr, Snieaton, who employed it for draining 
foundations and other temporary works. It had a pulley, 
or wheel, to receive the chain which communicated mo- 
tion from the piston to the pump-rod, instead of a beam. 
The pivots of the wheel were supported by t^vo inclined 
beams connected at top, whilst the cylinder and pump 
were bolted down to (he groundsills. Thus, the whole 
machine being supported by one frame of wood, it could 
without trouble be set to work in the open air. The boiler, 
whicli required no setting in brick work, was in the shape 
of a tea-kettle, and the fire-place being in the centre, was 



in the cotouieB, a trial of this plan miglil perhaps be mode with advantnge. 
miile eXGlcising its mechanical functions of grindiug, mashitif;, or squeez- 
ing the cases, it would be converting ordinor; into strong Epiiit foi rGcti- 
ficitinn, or for the convenience of carriage. Migilit not kugIi an engine be 
'Wecled on % Bmoll scalo, for many purposes of domosttc diudgecy ? It 
n^uld unquestionably furnish a bea.utiful illustration in philosophy, to 
nne small portion of liquid, bj the agency of Gte, imitate the eease- 
k«s cireulatioQ and restless activity of life."— Pliil. Tron. vol.cviii. p. 393. 
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surrouQded on all sides by water, thus presuDting the great- 
eat possible surface to the action of the flame. Portable 
steam eng;ine.s are now employed not only in the erection 
of bridgres, and in underground excavations, but are also 
usefully applied to the purpose of propelling^ vessels and 
carriages : the latter application is of a very recent date. 
Steam navigation, however, from its great national imports 
auce, will deservedly fihd a place in a separate division of 
this work. ' 

The priociple of the high-pressure steam engine depends 
on the power of steam to expand itself very considerably 
beyond its original bulk, by the addition of a given por- 
tion of caloric, thus acquiring a considerable elastic forcot, 
which, in this case, is employed to give motion to a piston. 
One of the greatest advantages attendant on employing the 
repellent force of steam, as in this form of the engine, con- 
sists in an evident saving of the water usually employed in 
condensation; and this, in locomotive engines, for propel- 
ling carriages, is an object of considerable importance. 

Leupold has furnished a description of a high-pressure 
engine, in a very valuable work on machines, published m 
1734. He ascribes the invention to Papin, and his appa> 
ratas consists of two single cylinders placed at some di^ 
tance from each other, each of whicli is provided with a 
piston made to fit air-tight, and connected with a forcing 
pump. 

When high-pressure steam is admitted at the bottom of 
the first cylinder, it is forced upwards, carrying with it the 
lever of the pump; at the same time that the steam or air 
is expelled from the other. On this operation being re, 
peated, or rather reversed, the steam is allowed to enter the 
second cylinder, which is also connected with the boiler, 
while the steam in tiie first cylinder is allowed to escape 
into the air. From this it will be evident that the process 
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of rondcnsation forms no part uf the principle of the bigb> 
pre^isiire ei)g;ine; and that the expansion of gunpowder 
nii]a;ht he made to produce a precisely similar effect. 

The amazing force to be produced by the expansion of 
highly elastic vapour, did not escape the penetratins^ notice 
of that towering genius, which was now directing idl itB 
energies towanls its improvement. Accordingly, we find 
in Mr. Watt's first patent, the following clause, whi<Ji ex- 
prenaly describes this engine : " I intend, in many cases, to 
employ the expansive force of steam to press on the pis- 
tonn, or whatever may be used instead of them, in the same 
manner as the pressure of the atmosphere is now employed 
in common fire-engines. In cases wJiere cold water can- 
not be had in plenty, the engines may be wrought by the 
force of steam only, by discharging the steam into the open 
air after it has done its office." 

Messrs. Trevithick and Vivian were tbe first to employ 
the high-pressure engine to advantage, as they found it 
admirably adapted for the purpose of propelling carriages. 
In this case the steam, after having pertbrmcil its office, 
was thrown oft' into the air; and the condenser, together 
with the necessary supply of cold water which must have 
accompanied it, was by this means dispensed with. For 
the purpose of motion, the high-pressure engine certainly 
possesses considerable advantages, not the least of which 
are its cheapness and portability ; the danger, however, 
attendant on tbe use of steam, acting with a force equal to 
from ft>rty to eighty pounds on the square inch, most in- 
evitably form an insuperable bar to its general iutroductioB 
to our manufactures. 

Mr. WoolTs improvements, which are of coneideraMc 
importance, are founded on the same principle as those of 
Mr. Watt, namely the power of steam to expand itself, or 
increase its volume in a very cMisideraMe degree, e^ter iti 
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jjap-sfigc from the boiler. From a variety of experiments 
made on this subject, Le aseertained that a quantity of 
deain having the force of five, six, seven, or more pounds 
on erery square inch of the boiler, may be allowed to ex- 
pand itself to an equal number of dmes of its own volumt^ 
when it would still be equal to the weight of the atmua* 
phcre, provided that the cylinder in whir h the expansioa 
takes place, have the same temperature as the steam pus> 
sessed before it b«fan to increase. 

The most economical mode of employing; this principle^ 
consists in the application of tivo steam-cylinders and 
pistons of unequal size to a high-pressure Imiler; tha 
Miialler of which should have a communication both at ks 
top and bottom, with the steain vessel, A communimtiail 
being also funned between the top of the smaller cylindw 
and the bottom of the larger cyiinihr, and vice vfirita. 
When the engine is set to work, steam of a high tempera* 
ti»re is admitted fi-om the boiler to act by its elastic force 
mi one side of the smaller piston, while the steam whidt 
had last moved it, has a communication witli the larger oK- 
condensing cylinder. If both pistons be placed at the top 
of their respective cylinders, and steam of -a pressing equal 
(o forty pounds the square inch, be admitted, the^mallep 
piston will be pressed down, while the steam below it, in- 
steftd of Iteiog allowed to escape into the atmosphere, or 
pass into the condensing vessel, as in the common engine, 
ie made to enter the larger cylinder above its piston, which 
will make its downward slroke at the same time as that ia 
the nnaller cylinder; and, during this process, the stean^ 
whicli last filled the larger cylinder, will be passing int« 
the ciHidenser to tbrm a vacuum during- the downward 
stroke. 

To perform the upward stroke, it is merely necessary to 

reverst! die action of the respective cylinders ; and it will'. 

d2 
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be eficcteil by the pressure of the steam in the top of the 
Iniall cylinder, arting' beneath the piston in the great 
cylinder; thus alternately admittins^ the steam to the dif- 
ferent sides of the smaller piston, while the steam last 
admitted into the smaller cylinder, passes regalarly to the 
difTerent sides of the lai^r piston, the commmiication 
bet^veen the condenser and steam boiler beings reversed at 
each stroke. 

The economical application of this engine, may however 
be best understood by an examination of its effective force 
when applied to the raising of water. It appears that a 
double cylinder expansion engine was constructed for 
Wheal Vor mine in 1815. This has a great cylinder of 
fifty-three inches in diameter, and nine feet stroke, the 
■mall cylinder being about one-fifth of the contents of the 
gjeat one. The engine works six pumps, which at every 
stroke raise a load of water of 37,982 lbs. weight, seven 
fcet and a half high. This produces a pi-essure of 14.1 lbs. 
per square inch on the surface of the gre^t piston, while 
its average performance may be estimated at 46,000,000 lbs. 
raised one foot high with each bushel of fuel. 

The great mass of inert matter contained in the working 
beam of the reciprocating engine, must of necessity pro- 
duce a proportionate waste of power ; each elevation of the 
piston causing a change from a state of rest to motion, and 
vice vn-sa. This, however, is in no small degree enhanced, 
by the necessity of employing a fly-wheel of considerable 
weight to equalise its motion. To prevent this loss of 
power, a variety of contrivances have been suggested, for 
the purpose of producing a continuous action, without the 
intervention of a cylinder and piston, thus dispensing with 
the beam and fly-wheel. 

To produce a continuous rotatory motion, is, however, 
i BWlc more than a return to the simple principles on which 
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the earliest eng:mes were constracted. We have already 
stated, that ihe Italian philosopher, Branras, directed steam 
of great expansive force against the vanes of a wheel, 
which was employed to give motion to a stainpiDg press, 
though the force obtained must have been very inconsider- 
able. The principle of this invention was also applied to 
a very ingenious, though we fear useless rotatory engine, 
constructed by Kempe). 

It consisted of a hollow cylinder, furnished with two 
arms, at the end of which were transverse apertures ; and 
Ibis was connected with a large teolipile or boiler, by means 
of a moveable socket. The steam employed to drive the 
arms was of great elasticity, and rushing out at the apertures 
with considerable violence, produced a rotatory motion. 

About the same period, Mr. Sadler, of Oxford, took out 
a patent for a similar machine, though we are not aware 
that it was ever usefully employed, the rarity of steam 
being such, that even if none be condensed by the cold of 
the atmosphere, the impulse must necessarily be exceed- 
ingly feeble, and the expense of steam, to produce any 
serviceable effect on the machinery, exceedingly great. 

A very ingenious, and not less simple mode of producing 
a continuous rotatory motion, is described by Mr. J. Cooke 
in the Transactions of the Irish Academy.* It consisted 
of a wheel, with moveable valves or flaps on its circum- 
ference, turning freely on joints, which admitted their 
openings only to a line passing through the centre of the 
wheel. These, when closed, lay exactly on a level witli 
its outer extremity, but when open fell down perpendicular 
to it. The wheel, thus formed, was dhclosed in a case, 
which fitted it exactly, whde the upper valves were close 
and the lower extended. The steam in its passage from 

■ Vol. iii. p. lia. A. D. ITSy. 
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tfe bofler to die roadcBKfy poAcd dw extended ivlyeAi 
wmA tfans gave noCmi to die m h i xL A worldly Hiodel of 
fUi eoginey wkkoat die condenietv wwty we believe, ex« 
UUlcd b^bte seFerai flMmbers of Ae aradenj. Li diis 
iiwrfinrC| howercrv it humI kive actod as a Wg^li^ivuiHiiv 
t mgimL, dxatHurgtag the ataua at eaiA dmBkn of die 
wheel; aad we^erjmadidoalitwkedier itwoold be'po»* 
nble to pack the hai^;ii^ valves saflMeadj tiglit to admit irf" 
then- readily fidKap to the poBitini described by Mr. Cooke. 

Sereral oAer at t empts hare also been made to prodaee 
a coiitiuuoas rotatory motioB, the most importuit of whidi 
wfll be foimd in the d escilpli t e part of oor work, and in 
the analysis of patents. Appendili {A«) 

In Messrs. Bmihon and Watt's BM^jrmik Engine, the 
eyiinder is supported by brackets prooeedai§r iroia a cast- 
iron coadensiiig' cistern, and is ]^aced over cme eid of it. 
The beam which is filmed like a r^htsai^ed triangle, 
has its centre of motion at the right angle, and the axis of 
it is supported by bearings s<3ewed to the cistern ; and at 
the opposite end to that upon iHiich the cylinder is placed, 
the horizontal arm of the triai^e fimns the wfurldng ann 
of the beam, to the extremity of which the power of die 
cylinder is applied. The connecting rod is jointed at die 
upper end of the perpendicular arm, and extends to die 
crank, which is supported in bearings screwed to die 
cistern at the same end at which the cylinder is placed, 
the c^ntiie of motion being at the same level with the tc^ 
of the cistern ; and beneath the cylind^, the hypothenuse 
of the triangle of the beam forms a brace to strengthen it. 
Two of these beams are used, and are applied on opposite 
sides of the cistern, up<m tl^ same axis oi motion, and are 
united tc^ether by cross rods, thus forming two connect- 
ing rods and cranks upon one axis of motion, the fly-wheel 
being placed at one extremity of the axis. To connect the 
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piston-rod wllh (be ends of the arms of the beam, or the 
base of tbe triang-le, a rod is Jixed across the top of the 
piston-rod; and to the two ends of this two other rods are 
linked, which descend to the beam, and are pointed to it 
at tbe ends. By this means, the ascent and desrent of the ' 
piston-rod produce a corresponding action of tlio beam 
upon its centre of motion ; the upper end of the perpendi. ^ 
cular arm movino^ backwards and forwards, thus by means 
of tbe c<mnerttng rods tm-nin^f the cranks. The rods 
which descend from the bar, which is fixed across the top 
of the piston-rod to the ends of the beams, are so con- 
structed, as to preclude tbe necessity of employing the 
parallel motion. This engine is very compact; it requires 
no 6xing, and the air-pump which is placed in the middle 
of the cistern, is worked by two rods jointed to the hori- 
zontal arms of the beams. 

Tbe atmospheric engine was iirst employed in North 
America, about 1760, and two engines on this principle 
were erected in New England before the revolutionary 
war. One was also employed for the purpose of draining 
Schuyler copper mine, ou the river Passaick, in New 
Jersey, The greater part of these engines, however, were 
executed in England. Some idea of the slow progress 
which has been made by our transatlantic brethren, in this 
very important invention, may be fm'nisbed by the follow- 
ing fact, that no more than four engines of any importance 
were at work in tbe whole continent of America at the 
bt^iiining of the present century. Of these, two were 
erected at New York, the first of which was employed for 
the supply of that city with water,* and the other gave 

' This engine is upon the principle or Btiulbm and Wult'sduubleactioa 
engines. Tl has Iwci hnUers ; one at woed, and tlie other of sheet iron. 
The Oy is driven by a aon-ond-planet wheel, and the -iliniV works Itlrce 
inaoU pnmpi. 
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a to a saw-mitl. The remaining two were erectetl at 
, Philadelphia, and belungctl to the corporation of that city. 
I ■ The city of Philadelphia was for many years supplied 
I Xrith water by meaas of a low-pressure en£^ine ; Mr. Evans, 
I )tbe Trevithtck of America, haK, however, lately substituted 
L a bigh-pressiu-e engine in its place. By this means, in 
I liiel alone, a saving of seventeen dollars per day has been 
I effected. 

' Trinidad appears to have been the first West Indian 
[■ colony in which the resident planters could overcome their 

ancient prejudice in favoiu- of the cattle mills, which are 

still generally employed on sugar estates, Mr. William 

Lushington, who had a considerable property on that island, 
I iotroduceti a large engine by Boulton and Watt in 1S04; 
k and so great was the saving effected by its use, that the 
I laboiu* of three mills, each of which wam equally expensive, 
I was usually perfonned by the one machine. 
I From the result of some experiments made with two 
[ steam engines, constructed by Mr. Maudslay for the 
I JBland of Ceylon, it appears, that this species of power has 
I been equally efficient in the dressing of rice and prepara^ 
I tion of oil. The apparatus employed for this purpose was 

contrived by Mr. Hoblyn, a gentleman well known for his 
I distinguished scientific attainments, and it has been found 
I that, allowing tiiree hundred working days in the year, 
I and the engines to work ten hours per day, they would 
I annually convert 576,000 pounds of paddy into a quantity 
I of rice equal to 147,347 bags, which, at nine Hx-dollars « 
I bag, would amount to £ 1 16,035 sterling, while the same 

quantity of paddy being converted iuto rice by the com- 
1 mon method, wotdd produce only £64,799. The saving, 
L therefore, by these two machines, is more than £50,000 

per anniun. 

The intruduction of this valuable mechanical agent to 
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the mines of Sontli Amerioa, did not take place till IH16; 
and in the following year a report on the subject was pub- 
lished in the Lima Gazette. After describinar this import- 
ant event, it adds, " Imnien.se and incessant labour, and 
boundless expense, have conquered difticultiea hitherto 
esteemed altogether insuperable ; and we have, with un- 
luoited admiration, witnei^sed the erection, and astonishing- 
operation of the first steam-engine. It is established in the 
celebrated and royaJ mineral territory called the mountain 
Yaiiricoeha, in the province of Tarma ; and we have the 
felicity of seeing the drain of the first shaft in the Santa 
Rosa mine, in the noble district of Pasco," They add, 
" We are ambitious of transmitting to posterity, the details 
of an undertaking of such prodigious magnitude, from 
which we anticipate a torrent of sdver, that shall fill aur- 
roanding nations with astouishment," 

It appears that the new world was principally indebted 
to the agency of M. Frauijois Uville for this improved era 
in their mining annals. This gentleman having found that 
a large portion uf the most vahiable mines in Peru was 
tailing into decay, and in some cases totally drowned from 
the impossibility of draining them by manual labour, ap- 
plied to Mr. Trevithick of Camborne in Cornwall, one of 
the patentees of the high-pressure engine. This ingenious 
mechanic applied himself with such extraordinary dili- 
gence to the subject, that in less than nine months the 
materials for as many engines were completely ready for 
their destination. The apparatuni, which cost about ten 
thousand pounds, was embarked at Portsmouth in the 
heginntng of September, 1814, accompanied by M. Uville 
and three Englishmen, to superintend the erection of the 
machinery. 

Mr. Trevithick was nftcrwards einployed as engineer to 
the Royal Mint established at Lima, and on hia arrival in 
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Sooth Ameriea, w«s receired wilh mch entbusiaatic grati- 
tude, that the Lofd Warden proposed to^ erect jhiis statue in 
massive silver.^ The eiqrities employed were exclusivelj 
on the bighi^HPessure principle^ and will be found und^ 
his patent m the Appendix. Indeed this appears to be 
the only cheap engnie likely to act with an adrantageons 
effect, the extreme rarity of the atmosphere in those ele* 
Tated r^^ions, precluding the eomiomical use of the ecsn* 
mon atmospheric ei^ine. 

We have hitherto yiewed the steam engine, when em- 
l^oyed as a substitute for animal force, in gpiTing motion to 
mills, ndiBing of water, and a variety of other employments, 
all of which, howerer, are of a fixed and stationary nature. 
But some pn^ress has likewise been made towards the 
application of the same power to nM>veable machinery, and 
when constructed for this purpose it is called a locomotive 
engine* 

The anploymeut of an internal mechanism to impel 
waggons on a plane road is of very early date, but the first 
^plication of the steam Bigine to thk purpose took place, 
we believe, in the Royal Arsenal at Paris, towards the 
dose of the last century. From this time till 1802, but 
little progress appears to have been made in the use of this 
species of wheel carric^; but about the latter period, 
Mr. Trevithick commenced a series of experiments on the 
use of the high-pressure engine for the above purpose ; 
and this, with some improvements, has since been adopted. 

When these engines were first tried, it was found difficult 
to produce a sufficient degree of re-action between the 
wheels and the track road, so that the farmer turned round 
without advancing the vehicle. This was remedied by 
Mr. Blenkinsop, who, when he adopted this species of con- 
veyance, took up the coHunon rails on one side of the 
whole length of the road, and replaced them with rails 
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which had lai^e teeth projecting from the outside, 
and in these the propelling wheel of the carriage was 
made to act. Since this period, the steam - carriage has 
been, most successfully employed on the Manchester and 
other railways ; and its value, as a vehicle for ordinary 
roads, has been placed in a clear light by a Committee 
of the House of Commons, for an analysis of whose labours 
we must refer our readers to the Appendix. 

The steam-carriage, or rather steam-drag, invented 
by Mr. Gumey, was in active operation for a considerable 
length of time. It is represented in the subjoined wood- 




cut. The boiler a a ie furnished with a steam-pipe b, which 
passes under the body from the boiler till it comes to 
the fixed point n, and from thence down to the valve- 
box c of the cylinder d, A little above e is placed the 
wheel of the parallel motion, which runs horizontally 
betwixt the parallel bars g g. The water-pump ia seen 
above, and worked by a connexion with the piston-rod. 
A contrivance p is placed for conveying the power from 
the crank-shafts to the circumference of the hind wheel, 
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CHAP. III. 

Introduction and Improvements effected hy Hulk — Du- 
quet — Jouffroy — Fulton ^— Miller — Symington — Stan- 
hope — Linnaker — Thames and Clyde boats — Progress 
of Steam Navigation in America. 

The possibility of employing steam as a moving power 
in the navigation of vessels, was known early in the last 
century ; its practical application however, on a large 
scale, has not been fully established above twenty years. 

In 1698, Savery recommended the use of paddle-wheels, 
similar to those now so generally employed in steam ves- 
sels, though without in the remotest degree alluding to his 
engine as a prime mover ; and it is probable that he in- 
tended to employ the force of men or animals working at a 
winch for that purpose. About forty years after the pub- 
lication of this mode of propelling vessels, Mr. Jonathan 
Hulls obtained a patent for a vessel in which the paddle- 
wheels were to be driven by an atmospheric engine of 
considerable power. 

In describing his mode of producing a force sufficient 
for towing of vessels, and other purposes, the ingenious 
patentee says, " In 'some convenient part of the tow-boat 
there is placed a vessel about two-thirds full of water, with 
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tha top close ehut; this veRsel bein^ kept boilinn^, rareficn 
the water into steam; this steam being conveyed through 
a large pipe into a cylindrical vesBel, and there condensed, 
makes a vacuum, which causes the weight of the atmos- 
phere to press on this vessel, and so presses down a piston 
that is htted into this cylindrical vessel, in the same man- 
ner as in Mr. Newcomen's engine, with which he raises 
water by fire. 

" It has been already demonstrated that when the air iS 
driven out of a vessel of thirty inches dituneter, (which is 
but two feet and a half,) the atmosphere will press on it to 
the weight of four tons sixteen civt. and upwards ; when 
proper instniments fm* this work are applied to it, it must 
drive a vessel with great force." 

The accompanying engraving representB Mr. Hulls' tow- 
boat, co|>ied from the very rare work by the inventor. 




Mr.Hnlis' patent is dated 1736, and he suggested the use 
of a crank to produce the rotatory motion of his paddle- 
wheels; this ingenious mode of converting a reciprocating 
into a rotatory motion, was aftem'ards recommended by the 
Abb^ Arnal, Canon of Alais in Languedoc, who, in 1781, 
proposed the crank for the purpose of turning paddle- 
wheels in the navigation of lighters. 

It is probable that Mr. Hulls anticipated some objection 
to his new mode of propelling vessels, and it appears from 
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Captain Sarery's statement, to which we haire already 
alluded, that a strong prejudice had bem raised against 
the use of propelling wheels in vessels. Mr. Secretary 
Trenchard, who was at that time at the head of the Ad- 
miralty, had also given a decided negative to the proposi- 
tion. In answer therefore, to the objections which might 
have been anticipated, Mr. Hulls pnqpoaed the following 
queries, which he afterwards solved in the most satisfactory 
way. 

^ Query I. — Is it possible to fix instruments of sufficient 
str^igth to move so prodigious a weight, as may be con- 
tained in a very large vessel f 

^^ Answer. — ^AU mechanics will allow it is possible to make 
a machine to move an immense weight, if there is force 
enough to drive the same, for every monber must be made 
in a proportionable strength to the intended work, and pro- 
perly braced with laces of iron, so that no part can give 
way, or break. 

' ^ Query 2. — ^Will not the force of the waves break any 
instrument to pieces that is placed to move in the water % 

^ Answer * First, It cannot be supposed that this machine 
will be used in a storm or tempest at sea, when the waves 
are very raging ; for if a merchant lieth in a harbour, &c. 
he would not choose to put out to sea in a storm, if it were 
possible to get out, but rather stay until it were abated. 
Secondly, when the wind comes ahead of the tow-boat, the 
fans will be protected by it from the violence of the waves, 
and when the wind comes side-ways, the waves will come 
edge-ways of the fans, and therefore strike them with the 
less force. Thirdly, there may be pieces of timber laid to 
swim on the surface of the water on each side of the fans, 
and so contrived as they shall not touch them, which will 
protect them from the force of the waves. 

*^Up inland rivers where the bottom can possibly be 
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mdKd^ die fiuw may ke tak^i out, and cranks plaoed at 
tbe hindmoflt axk tp strike a shaft to the bottom, of the 
rirer, which will drive the vessel forward widi the greater 
force. 

"^ Query 8.— It being a continual expense to keep this 
machine at work, will the expense be answered? 

^ Answer. — ^The wcnrk to be done by this machine will 
be upon particular occasicms, when all other means yet 
found out are wholly insufficient. How often does a.mer- 
chant wish that his ship were on the ocean, when, if he 
were there». the wind would serve tolerably well to carry, 
bim on his intended voyage, but does not serve at the same 
time to carry* hkn out of the river, &c. he happens to be in, 
which a few hours' wcnrk at this machine would do. Be- 
sides, I know engines that are driven by the same power 
as this is, where materials for the purpose are dearer than 
in any navigable mex in England. Experience, there- 
fore, demonstrates, that the expense will be but a trifle to 
the value <^the w<Nrk performed by those sort of machines 
igrbich any person who knows the nature of diose things 
may easily calculate." 

H. Duquet appears to have tried revolving oars as early 
as tbe year 169^ and experiments were made with them 
on a laxge, scale both at Marseilles and at Havre :* this 
mode^ however, of impelling vessels was soon given up as 
in^pvacticable ; and after our countryman, Ifulls, the Mtur- 
quJB de Jouffioy unquestionably holds the most distin- 
guished rank in the list of practical engineers, who have 
added to the value of this invention. 

It is evident from an article published in the Journal 
dm DAaiSf that in 1781 the marquis constructed a steam- 
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boat at Lyons, of 140 feet in length. With thb be made 
sereral saccessfnl experimentg on the Saone, near that cify. 
The events of the revolution, which broke out a few years 
ajflerwards, prevented M. de Jouffiroy from prosecuting this 
undertaking, or reaping any advantage from it. On his 
return to France after a long exile, in 1796, he learned 
from the newspapers that M. de Blanc, an artist of Trevoux, 
had obtained a patent for the construction of a steam-boat 
built probably from such information as he could procure 
relative to the experiments of the Marquis. The latter ap« 
pealed to the government, which was then too much occu- 
pied with public affairs to attend to those of in<lividuals. 
Meanwhile Fulton, who had gained the same^information, 
and was making similar experiments near the Isle des 
Cygnes, alarmed M. De Blanc, who knew that he had 
much more to fear from the influence and mechanical skill 
of an Agio-American, than from that of an emigrant. He 
accordingly alleged his patent right, and requested the 
stoppage of Mr. Fulton's works, who returned for answer, 
that his essays could not affect France, as he had no in- 
tention to set up a practical competition upon the rivers of ' 
that country, but should soon return to America, which he 
actually did, and commenced the erection of those engines 
to which he has since laid claim as exclusive inventor.^ 

Shortly after the first experiments were made by the 
Marquis de Jouffroy, a gentleman of the name of Miller, 
who resided at Dalswinton, published a work, in which he 
described the application of wheels to the working of 



* The Quarterly Review, in an admirable article inserted in the thirty- 
eighth number of that work, very justly exposes the pretensions of the 
Americans to this invention ; and points out some of the advantages which 
society owes to the above modest and philanthropic individual, not the least 
of which is the attempted introduction of the torpedo, and other apparatus 
for destcpying human life by wholesale. 
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triple vessels on canals; and in 1794 he completed a mo- 
del of a boat on this construction, impelled by a steam 
eng;ine. 

From this period till T801, but little prt^^ess appears to 
have been made in this species of navigation : ia that year 
Mr, Symington, who had been employed in the construc- 
tion of Miller's vessel, tried a boat propelled by steam on 
the Forth -and-Clyde Inland Navigation ; tbis, however, 
was shortly laid aside, on account of the injury with 
which it threatened ibe banks of the canal, from the vio- 
lent agitation prodiiced by the paddle-wheels. 

Mr Symington's mode of connecting the piston and pad- 
dle-wheel, was by placing the cylinder nearly in an hori- 
zontal position, so that by this means the necessity of em- 
ploying a working beam was avoided. The piston waa 
also supported in its position by friction-wheels, and com- 
municated, by means of a rod. with a crank connected with 
ihe wheel, which imparts a motion to a paddle somewhat^ 
slower than its own. The paddle wheel was placed in the^ 
middle of the boat towards the stem, and on tbis account _' 
it became necessary to have a double rudder, connected by 
rods, which were moved by a winch placed at the head of 
tbe boat. 

Mr. Symington also employed stampers placed at the 
head of the boat, for the pmpose of breaking the ice on 
canals ; and this plan, we believe, was also adopted in the 
original construction of the vessels intended for the Arctic 
expedition. 

In 179?>, a very ingenious apparatus was invented by 
Lord Stanhope, and tried by that nobleman in Greenland 
Dock. In this experiment, the paddles were made to re- 
semble the feet of a duck, and were placed under the 
quarters of the vessel. This plan waa also tried in Arae- 



rica, but it tloeu not appear in either case to have ansvered 
the expectations of its projector. 

A plan has also been tried which in some measure re- 



sembles the endless chain of ^ 



pump. 



This was, we believe, 



first employed on the Duke of Bridgewater's canal,and con- 
sists in the nse of a chain, with a number of paddles attached 
to it, going over two wheels placed level with the water line. 
A steam engine acting on the foremost roller, gave mo- 
tion to the chain, and a continuous parallel motion was 
thui effected. 




in 



In the above species of steam-boat as described by Mr. 
Gladstone, there is a shaft or axle of iron, passing in the 
usual manner through the sides of the vessel. On each 
end of this shaft, on the outside of the vessel, are firmly fixed 
two wheels of cast-iron, provided with studs or teeth round 
the whole circumference of each wheel, as represented in 
the figure at A. The distance betiveen the two wheels of 
each pair, must be in proportion to the intended length of 
the floats or paddles. The propellii^ power is to be com- 
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miuiicated to tlte shafts by the usual means, and thus a 
rotatory oiotion is given to both pair of wheels. 

Two cast-iron wheels, with their circunifej-euce smooth, 
are fixed on an axle on eaeli side of the vessel at B, and 
their axles must be of sufficient length to allow the two 
wheels of each pair to be fixed at the proper distance for 
receiving the chains and paddles, which are to pass over. 

Two eudleaa chains are applied to the wheels, one of 
which is shewn so that one passes round each of the stud- 
wheels and its corresponding plain wheel, as at D. Across 
these chains the paddles or floats are fixed, and between 
each pair of paddles the two chams are connected by cross- 
bars of wood or iron, which are parallel to the paddles, and 
are securely bolted to both chains, so as to keep them at a 
proper distance, to suit them to the wheels, and prevent 
them having any latepEil motion from the action of the Bui'ge. 

The chains have openings at such distances as to fall ex- 
actly on the studs of the wheels, in order that the chain 
may always take hold of the studs, during their rotation, 
BO as to prevent their slipping on the wheels, although so 
slack as to form a curve in the water. The paddles are to 
be fi.ted in such a manner, that they will be perpendicular 
to the surface of the water, during their course between 
the wheels A and B, even when the resistance to their mo- 
tion is greatest. 

On the outer edges of each adjoining pair of wheels, 
there is a projecting edging or rim, so that the two con- 
nected chains, with their strikers and paddles, may easily 
fall between the rims, thus a&brding an additional security 
against the effect of the sui^e, in displacing the chains. 
The length and breadth of the paddles must always be in 
proportion to the dimensions of the vessel. 

In 1800, Mr, Liunaker obtained a patent for propelling 
vessels by forcing a stream of water "from the stem, a 
freah supply being at the same time drawn in at the head 
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of tbe vessel. This ingenious contrivance, however, appears 
to have been practised nearly a century back : a very cir- 
cumstandal account of the apparatus for this purpose being 
prefixed to the Specimitia Ichnographica of John Allen, 
published in 1730. 

The first really praclicable, and we may add profitable 
attempt at steam navigation in Europe, appears to have 
be^i made on the Clyde in the year 1812. This was 
a vessel for the conveyance of passengers, with an engine 
of only three horses' power, and which was of considerable 
draught. On account, however, of the numerous shallows 
in our rivers, it has since been found advisable to construct 
the vessels employed in this species of navigation bo as to 
draw as little water as possible. 

We may now at once proceed to describe the general ar- 
rangement of one of Messrs. Maudslay*s steam-boat engines. 
This will be best done by a reference to the accompanying 
figure. 




b IS the steam cylinder, firmly bolted down to some 

of the mam transverse beams of the vessel. This cylinder 

18 a close top, the engine being on the double-acting 

iciple ; and it is made of larger diameter in proportion 



STEAM NAVrCATlON. 

to its height than in those engines that are used on shore, 
in order to obtain great power in a compact form, by not 
extending the stroke of the piston to too great a length, 
t is a tube or side-pipe, which receives the steam from the 
boiler, and at the same time contains a peculiar sliding 
valve, by which the steam is conveyed above and below the 
piston. The piston works through astufliug-box, and termi- 
nates at the top in a T piece, from each extremity of which, 
as e, stiff bars or connecting rods descend, and are attached 
to one end of the main beam fj p, placed at the bottom of 
the machine for the sake of strength, and to save room. 
This beam turns or vibrates on the centre q, which ia 
strongly supporled, and the beam is composed of two cast- 
iron plates of similar form, one of which is placed on each 
side of the machine. The extreme end p of this double 
beam is united by means of the connecting rod d with 
the crank m, which turns round the main central axis 
s, performing a circle equal in diameter to the length 
of the stroke of the piston. To this main axta s one of the 
paddle-wheels for propelling the vessel is attached, and 
the paddle-wheel on the opposite side is fixed upon a 
similar axis belonging to another engine, because in large 
vessels it is always customary to employ two steam engines 
of equal power, and to connect them each to a paddle- 
wheel, but in such manner that their effect may be con- 
centrated on the main shaft or not, at pleasure, c is an 
eccentric wheel fixed upon the main shaft s, for working 
the steam valves, which it does throligb the medium of 
the long but light open worked or braced connecting rod 
f, which is united to an arm s upon the lever ngo, which 
turns upon a centre or fulcrum at g. The end n of this 
lever is joined by the connecting rod ni to the top of the 
rod that works the slide valve, and o is a balance- weight 
at the opposite end of the lever, to compensate for the 
weight of the sliding piece which covers the steam open- 
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ings, and by meaBS of which nothing remaitts to he oTer- 
come but the friction of the slider. The short lever h, 
connected with the two rods v and w (the latter of which 
joina the connecting rod e), forms a parallel motion appa- 
ratQB for insuring the truly vertical motion of the piston 
rod. In ship engines an open condensing cistern is inad' 
missible on account of the motion of the vessel ; and the 
condensor ie not therefore set in a cistern, hut is made of a 
much greater capacity than usual. On the «de of the 
cylinder is placed the air-pump, with its piston rod, 
worked by a connecting rod rising between the cheeks of 
the beam ; but the air-pump is chiefly hidden by the beam 
and the iron fence work, placed to keep persons from injury 
by the working parts. Beneath is the hot-water cistern which 
receives the condensed water from the close top of the air- 
pnmp, and from this vessel it is conducted into the boiler. 
The great loss of power in the ordinary mode of pro- 
pelling by a revolving wheel has produced a variety of 
suggestions for getting quit of the back water. Oue of 
the first that we shall notice is represented in the wood- 
cut beneath. 
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A slight examination of the figure will ahew that the 
paddles in this case are feathered by the action of the 
wheel itself, without any external agent. The axle is 
shewn at k; and a, b, c, d, e, f, g, k, are the paddles. 
The paddle e is seen to act with ita full force, while it is 
leaving the water at / at right angles. The framing of 
the wheel is shewn at i, and motion is given to the whole 
by the agency of wheels and pinions marked by the letters. 

We may now describe Mr. Woodcroft'a patent paddle 
wheel. This improvement consists in a spiral paddle, 
made of wood or metal, to propel vessels, and may be thus 
described. A spiral worm or screw is coiled round a shall 
or cylinder, so that the angle of inclination which the 
worms make with the axis of the cylinder continually 
increases, and the pitch or distance between the coils or 
revolutions of the spiral, continually increases throughout 
its whole length. The effect of this construction is as 
follows : 

On the paddle being made to revolve in the water, the 
comiuencement of the spiral blade, or that part of it which 
forms the greatest angle with the shaft, acts ujxin the 
water, and gives to it an impetus or motion towards the 
back end of the paddle, thus creating a current in the 
direction of the spiral. If this current wei'e to reach the 
succeeding or following parts of the spiral paddle before 
those parts take their action upon the water, such follow- 
ing parts would move in or keep pace only with the 
current, and therefore meet little or no resistance from the 
receding water, and a part or the whole of their action 
would be lost. But by progressively elongating the pitch 
of the spiral, each successive part of the spiral begins to 
act before it is overtaken by the current given to the water 
by the action of the preceding part of the spiral ; and, 
consequently, every part meets a [iroper resistance from 
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the water, and thereby gains a portion of propelling 
power. 




In the above engraving we give side and stem views 
of a steam boat, with two spiral paddles applied to it, one 
on each side, with their spirals formed in opposite direc- 
tions, one as a left and the other as a right hand screw. 
These paddles are placed with their axles horizontally in 
the water, and parallel to the direct line of motion of the 
vessel, that end of each spiral which presents the shortest 
pitch, or quickest curve, being next to the bow of the 
vessel. 

The paddles are so placed that the lower edges of the 
spiral are a few inches above the level of the bottom of 
the keel of the vessel, and their diameters are such that 
the upper edges of the spiral shall be a few inches below 
the surface of the water when the vessel is carrying its 
usual burden. Hence the draught of the vessel, or the 
depth at which she floats when loaded, regulates the 
diameter of the spiral paddle when intended to be em- 
ployed under total immersion. The length of the spiral 
paddles may be varied according to the power required. 

The shaft of each paddle is supported upon a neck or 
pivot at each end, and works in carriages or brackets 
firmly bolted to the side of the boat. A crank fixed to 
the back-end of the shaft of each paddle communicates 
with the steam engine. 

When the vessel is to be propelled the spiral paddles 
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are made to reTolve in opposite directions. And as they 
revolve in contact witli tlie water, the paddles and the 
water act tc^ether on the principle of the nut and screw, 
the water being the nut and the paddle the screw ; and 
the vessel thus receives a progressive motion through the 
water. 

There is one other arrangement of paddles which we 
may slightly advert to. It is represented in the subjoined 
figure, and may serve to illustrate a variety of contrivances 
of the same general character. 




The external framing of the vessel is shewn at dd, 
and b represents the axis of the paddle-wheel ; ffr forms 
a doable circular frame, between which the paddles are 
placed. The latter have in some cases had their direction 
chained by levers, and at others by the action of an 
eccentric wheel ; so that at c c they strike the water nearly 
in a perpendicular direction- — a direction which they 
retain, with reference to the water, in every part of their 
revolution, as will be seen atp, p, c, c, c, c. 

The weight of the steam-engine has hitherto been consi- 
dered as ofiering au insurmountable bar to ita employment 
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in propelling small veasek; such, hovever, is not the 
fact ; and we cannot better illtistrate this position than by 
adverting to a remarkably light engine employed for loco- 
motire purposes, which, in point of both power and weight, 
is fitted for any common paseage-boat, and which poseesees 
peculiar facilities for being brought into inetant operation. 
It is an engine constracted by Messrs. Braithwaite and 
EricBon, which is placed on a carrii^, and may in a 
few minutes be employed for propelling water as a common 
fire-engine. Such is the ingenious cimBtraction of tlm 
engine, and the fecilities which it affords of being brought 
into operation on any emei^ency, that we really consider 
it an important acquisition to our previously existing means 
of protection, and feel persuaded that a dispassionate con- 
sideration of its capabilities and powers will obtfun for it 
that extensive public approval which it unquestionaUy 
merits. 




In the above engraving we give a general view of this 
ingeniously devised steam-engine, which is on the high 
pressure principle, and intended to esert the power of six 
horses. It consists of two cylinders placed horizontally, 
the one being the steam cylinder, the other a water-pump. 
The steam and water pistons are connected by being affixed 
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itie rod, and consequently receive a simultaneous action, 
by tlie rod working through stuffing-boxes at the end of 
each cylinder; which rod, by its horizontal action, fonuB 
ita own parallel motion, the stuffing-boxes serving as 
guides. 

a a is a frame of wood mounted on springs, to which 
are attached the running-wheels ; this frame supports an 
inner one of iron, carrying the cylinders and the principal 
working parts of the engine. At one end of the frame will 
be seen the steam-chamber b, on the top of which is a 
safety-valve, and a box or hopper d, for supplying the 
furnace beneath with fuel ; from the upper part of the 
furnace, flues are carried in a horizontal direction, occupy- 
ing the inner part of the boiler, through which flues the 
heated air is forced at a very rapid rate, and, after impart- 
ing its caloric to the water in the boiler, escapes through . 
a bent pipe or chimney. 

Steam is admitted into the cylinder h by turning the 
cock in the pipe i through the passage j, the slide in 
which is actuated by a cross-head fixed on the piston-rod 
k, giving motion to a lever I, which lever also works the 
force-pump m, and blowing apparatus concealed in the 
boot of the driving-box n. On the axle of the hinder-wheel 
is an eccentric, which, as the engine is proceeding to a 
fire, gives motion to a lever connected with the blowing 
apparatus by which steam is generated previous to the 
engine being put in operation; this apparatus can be. 
worked by hand if necessary, and be detached in an 
instant from the operative parts of the engine. ^ is a 
double-action water-pump, the bucket of which is attached 
to one end of the piston-rod k ; there is a auction-pipe q, 
through which the water passes to the pump, by which it 
is forced into the air-vessel r through the passages s, and 
dischai^ed through the nozzle t, to which the hose and 
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flexible pipe are attached. This aigine has onlj two 
nozzles; hot anj nmnber proporticniate to the power of 
the engine maj be proTided, thus doing the work of a 
eorrespondii^ namber of engines on the ordinary ooo- 
stmetion. The frame t? is a box for containing the fbd, 
ke,f which also senres as a seat for the assistant-engineer 
attending the fiimace. In the event of the high-pressure 
steam-engine being employed for steam navigation, it 
woald, of coarse, be advisable to employ a boiler on Mr. 
Perkins's plan, as the safety of the passengers might other- 
wise be compromised. 



CHAPTER IV. 



Abstract of Evidence before a Select Committee of the 
Mouse of Commons on Steam Navigation.* 



Mr. Bryan Donkin was called in and examined. Witness 
went down to Norwich, as a volunteer, to inquire into the 
cause of the explosion of a steam-boat. Was accompanied 
by Mr. Timothy Bramah and Mr. CoUinge. Was of opi- 
nion that the immediate cause of that explosion had been 
the use of steam of a very high expansive force ; the ap- 
proximate cause was a deficiency in strength of the end of 
the boiler. The boiler was cylindrical. The cylindrical 
part, and one end, was wrought iron ; and the other end 

* The Committee commenced its sittings May 8, 1817, and consisted 
of the following highly respectable individuals : — Ciiarles Harvey, Esq. in 
tlie chair ; Mr. William Smith, Mr. Davies Gilbert, Sir Martin Folkes, 
Sir James Shaw, Sir William Curtis, Sir Charles Pole, Mr. Alderman At- 
kins, Mr. Williams Wynn, Sir Edward Kerrison, Mr. Lacon, Mr. Shaw 
Lefevre, General Thornton, Mr. Edward Littleton, Mr. Finlay, Mr. Lea- 
der, Mr. Alderman Smith, Mr. Wrottesley, Mr. Barclay, Sir James Gra- 
ham, Mr. Swann, Mr. Charles Dundas, Mr. Holmes, Mr. Thompson, and 
Mr. Bennet. 

On the 14th of the same month, Sir Matthew Ridley and Mr. Ellison 
were added to the Committee. 
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was cast iron. It appeared to have been previously of 
wrought iron, but, for some reason, the wrought iron end 
had been cut out, and a cast iron end substituted in its 
place. — Was of opinion that any high-pressure boiler so 
constructed was unsafe. The difficulty of obtaining a pro- 
per degree of strength at all times^ in the materials of which 
the boilers were made, arose from the constant deterioration 
which they must be suffering from the action of the fire, 
and from the various degrees of expansion and contraction, 
operating on different parts of the boiler. — ^Wouldnot choose 
to use a high-pressure engine, from the danger which arose 
from their use. — ^Thought it just to state to the G>m- 
mittee, that there was an advantage to be derived from 
the use of high-pressure engines on board of boats, 
which were necessarily loaded differently at different 
times. 

This different loading required a different power in the 
steam-engine, and the high-pressure engine was capable of 
having the additional power given to it without difficulty ; 
whereas, in the lower-pressure engines, they were confined 
to the power, first assigned them. — Scarcely ever saw the 
low-pressure engine beyond six pounds to the inch. — Had 
known one boiler worn out in six months, and another used 
for seven or fourteen years. The strength of cast-iron 
boilers was extremely uncertain : cast iron was liable to con- 
tract in various degrees in different places, and therefore 
was liable to break. — ^Thought that all cast-iron boilers 
were dangerous when used for steam of high expansive 
force. It was more practicable to make a boiler of the 
malleable metals to resist a high pressure, as far as the te- 
nacity of the metals was concerned ; but another difficulty 
occurred which prevented the application of the malleable 
metals to boilers for high-pressure engines, which was that 
of rendering the joining of the plates secure. — Believed 
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that WTOug-)it-irou boilers were much less frequent Uiaai the 
cast-iron boilers, and iiiWooirs engines they were scarcely 
used at all. — Should think that the cast-iron boilers would 
be cheaper thau wrought, if made of equal strength. — Con- 
sidered that in case of the explosion of a cast-iron or a 
wrought-iron boiler, the cast-iron would be attended with 
the greater danger. 

In employing the malleable metals a simple rending 
generally took place, so that it would seldom happen that 
the upper part of the boiler would be torn off; but, in a 
ciist-iron boiler, the fragments would be scattered about, and 
be more destructive. — The boilers invented by Mr. Linns 
and Mr. Woolf were all of them cast iron, — Mr. WoolPs 
had been in use nearly ten years. Considered low-pressure 
boilers safe from explosion in all instances, used with 
no farther pressure than six pounds. — Had seen very few 
boilers constructed for the purpose of a low-pre^ure en- 
gine, or a condensing engine, that would sustain a pressure 
often pounds without occasioning considerable leakage, or 
without forcing the joints. — Had never heard of an explo- 
sion with the low-pressure boiler of any consequence what- 
ever, — merely a giving way of the plates, or the wearing 
out, not such a bursting as could be called an explosion, — 
Conceived WoolPs mode of constructing boilers to be a 
considerable iniprovemeut, — a very material one. Had like- 
wise been told, though without having seen one, tliat Tre- 
vetbick had invented a method of making boilers by in- 
creasing their length and decreasing their diameter, so aslo 
render them capable of sustaining pressure to a much 
greater degree than heretofore. — In high-pressure engines 
the expansive force of steam was very variable, from thirty 
pounds to one hundred and twenty pounds upon tlie square 
inch, or even peihaps higher than that. Instances had 
be«n known in which a boiler had been worked at one 
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huiidred and sixty and one bundred and eigbty pounds. — 
Ibd^ no doubt but Cornwall had derived incalculable ad- 
vantages from the use of high-pressure engines. 

According to the general construction of low*>pressure 
boilers, they were so riveted together, as to withstand the 
low pressure they were intended to bear ; and they always 
gave indications of an increase of pressure long before any 
danger could be apprehended from them either by the 
joints giving way, or the steam forcing a passage through. — 
Had witnessed several experiments on WoolPs ^igines, 
where the object was to ascertain the comparative exp^idi- 
ture of coals or fuel in g^nding corn, between his engines 
and the low-pressure or c(K^densing engines ; and. the re- 
sults were decidedly in favour of Mr. Woolfs engines. — 
Apprehended that there was no living of fuel, or very little, 
in the common high-pressure engine. — ^The average effect 
in Woolfs engine, was the g^ding eighteen bushels of 
wheat with one bushel of coals ; while the average effect of 
Boulton and Watt's engine, or the low-pressure engines, was 
the grinding of from ten to twelve bushels of wheat with a 
bushel of coals. 

Seth Hunt, Esq. was called in, and examined. Had 
formerly been commandant of Upper Louisiana. — Knew 
that in the United States a great number of steam-J[>oats 
had been established. The first was at New York. There 
were then running between New York and Albany, ten 
boats : two between New York and the state of Connecti- 
cut ; four or five to New Jersey ; besides the ferry-boajte, 
of which there were four. These boats were all worked 
by low-pressure engines : no accident had ever happened 
to any one of them: they had been running since the year 
1807 ; and the boats at Albany performed about forty trips 
each per annum. — ^They went a distance of a hundred and 
sixty miles in twenty-one hours, and came down in nin^ 
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teen: aometiines a little loiig'^r, but nev^ shorter than 
nineteen ; that was the quickest passage, — Some of them 
went about seven miles an hour in still water : ■■ 
boats had gvuc nine, teu, or cleveu miles ; but that was 
under particular circumstances. They had come from 
Newhaven to New York {ninety mites) iu six hours and a 
half, without any sail. — Those which went to Albany passed 
up the North River; and the others, to Connecticut, passed J 
through Lon^ Island Sound, forty miles broad in one pai^ I 
of it. On the river Delaware there were a number of boati I 
also established, wliich plied between Philadelphia and 
Trenton in New Jersey ; also others between Philadelphia ] 
and Newcastle, and Philadelphia and Wilmington, beside I 
fCTTy-boats. Several of those boats had low-pressure ea- 1 
gines; others had high-pressureengines,frumoue hundred | 
to one himdred and forty pounds on the square inch, and ! 
as high at one hundred and sixty ; hut those engines were 1 
constructed upon Oliver Evans's plan called the Columbitra j 
plan. They were of wrought iron. — There were no boilent ] 
cast in America. Presumed that might arise from their not ] 
Laving founderies in which they cuuld cast them sufficiently j 
large. They were all wrought-iron boders, or copper : all 
wliich bad to pass through salt water were copper. The ] 
boat Etna, which passed between Philadelphia and WiU 
raington, was a high-pressure eugiue, and outstripped all 
the other boats : there was no competition at all between i 
them. There were boats from Baltimore to Norfolk, which I 
passed a part of the Chesapeak, sixty miles in width. They i 
have been to New London, which was still more exposed; j 
and had been up to New Hertford. Those were low-pres 
Bure engines. — ThePowhawton steam-boat was built at New ] 
York ; went into the open ocean ; encountered for thr€ 
days a very severe gale of wind, arrived safe at Norfolk, 
and np to Richmond. The gentleman was now in England 
r 2 
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who narigated her; and had heard him' say that his felt 
himself as safe as he should in a frigate ; and he^id thetis 
was this advantage, that the steam power enabled him, 
when they could not hare borne sails, to put tlie head of 
the vessel to the sea instead of lying in the trough of the 
sea, being exposed to be overrun by the waves. 

The largest steam-boats in America were those on the 
Mississippi, the Etna and the Vesuvius which ply between 
New Orleans and Natches. They were four hundred and 
fifty tons, and they* carried two hundred and eighty tons 
merchandise, one hundred passengers, and seven hundred 
bales of cotton, besides the passengers transp(»^d to New 
Orleans.— Remembered only three accidents having hap* 
pened to steam-boats in America. The first happened on the 
Ohio, and was occasioned by the n^ligence and inattention 
of the engineer, who loaded the safety valve; and neglected 
to attend the fire.^ AH hands were engaged in hoisting the 
anchor: the fire was in a very ^ high staler iemd of course 
produced a vast deal of steam that did not escape by the 
ordinary operation of the engine, which would otherwise dis^ 
chaorge and carry it off. — What was called the safety-valve 
had be^ improperly loaded and neglected. — The next acci- 
dent happenal not from any fault of any body, but from ah 
act of God : it was lightning, as was satisfactorily explained 
to the public, both by the passengers, and those interested 
in the boat. That was at Charlestown, in iSouth Carolina^ 
The pipe which carried the smoke up to the top attpacted 
the lightning, and it w^it down, and split the boiler. — ^A 
third accident hiq[>pened lately to thePowhawton. She was 
tiot in operation when it happened: they were out of fuel; 
Ihey stopped their boat, and lay still upon the water^ whSe 
♦hey Went after wood; still, however, they kept up their 
fire, and the isteam was so high, that it exploded in that 
mtuation, ther^Jieing no consumption of the steam as it 
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acrumuiated. Those are the only accideiitij that ever 

happened, except such as Itave happened A-om vessels- , 

taking; lire. ' J 

No accideut had ever happened in America to a tiigh—, J 

pressure engine, either in a manufactory or out of it; and I 

there were many engines used in the manufactories, and iti> I 

flour-mills and saw-mills, constructed upon the plan of ' 

Oliver Evans, which acted on the high-pressure principle ■ 
at one buadred and lifty pounds an inch. He had worked 

one hundred and sixty, but one hundred and twenty waft ] 

hie constant average. The fuel, in most places, was wood $ I 

at Pittsburgh, and on the Ohio river, it was coal aud wood} I 

at Pittsburgh, and at Laceliug, and at a, hundred othec 1 

places there was a solid mass of coal fifty miles squarej I 

They drove a shatl horizontally into the hUl, and the coala I 

were abundant above their heads ; in the mountains, as iiiiQ '3 

coal as any iu the world. It wa.s delivered at the housea ] 

of the inhabitants at sixteen bushels per dollar, i I 

The number of steam boats was rapidiy hicreasing upoQ J 

both the low and high pressure system, because they had di£^ I 

ferent interests and ditierent companies. Mr. Evans beinga | 

patentee,they had to give something fur the use of his patent) I 

if they could not make their bargain with him, they used the 4 
low-pnssure engine ; but there was a new engine, built fot 
one third of the money, coming into use iu several of the steam 
boats, invented in America, a perfect rotatory engine; and 
it was supposed that it would supersede all other engines.—^ 
Knew of uo other guard than that of properly constructii^ 

the safety valves, and the manner of loading them, so that . 
they could notgeton more than a certain weight; they miist 
of course construct them strong enough, aud prove tliemi 

They were under no Government regulations. — Itwassupfc J 

posed that a rotatory eugine consumed less rxials than one I 

with R reciprocating beam. IVelve bushels of coals, with J 
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tbe rotatiory iiM^tiuii, would pei ^orm die same work as the 
oCber ei^iiie with twenty. ^ 

Mr. TiMOTHT Br AM AH, of PimlicOy Ei^^inecr, cadled m 
and examined. Did not think that a high-presBore engine, 
under any g^nard that eoold be applied to it, was a safe 
engine to ose in a steam-boat. — Thooght that if a boiler 
was prepared to sustain one hundred pounds, and strained 
with a force equal to two hundred pounds, it m^ht after- 
wards, perhaps, break at forty, the straining baring injured 
iU — ^Apprehended that a boOer, upon a proper construction 
of wrought metal, might be tried with a certain force, so 
snull in comparison wiA that pressure which it was in- 
t^ided to bear, as not to incur any risk of beii^ injured m 
the proof, and hare a complete surplus of strength, so as to 
enable it to be afterwards used without any danger in the 
use. — ^Would recommend the use of two safety-yalves, one 
to lock up ; and to have it examined once a week, or as 
often as might be necessary, to see that its action was per- 
fect. — ^Had seen many cast-iron vessels burst. The wrought 
iron generally tore and opened out, to admit of the fluid 
escaping ; it was generally the fluid which did the mischief 
when the wrought ircm was used, and it was both the fluid 
and the materials which did the mischief when the cast 
iron burst. The effect in cast metal was to carry the pieces 
of the metal to a considerable distance, which was seldom 
the case in the wrought, unless where there was any cold 
sl^t in the metal. The cast would burst like a shell, pro- 
jecting the particles of the metal to a con^derable distance. 
— Where wrought-iron boilers had burst, the injury sus- 
tained by the mdividuals had arisen frcnn the fluid's es- 
caping, and in cast-iron boilers it had frequently been by 
the expansion of the metal. Cc^per being purer was not 
subject to the same^danger. 

Mr John Taylor, of Stratford, in Essex, called in and 
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exammecl. Was acquaintcil with the accideut whicli lately 
happened (o tlie steam-boat at Norwich. Had heard that 
the plate of cast iron was of inadequate thickness for the 
strain to be put upon it. With respect to the impropriety of 
cast iron compared with wrought, had also constructed one 
of the high-pressure boders precise.ly in the same manner : 
the boiler was proved to be one hundred pounds a square 
inch by the water-proof, commonly used with about forty 
pounds' pressure ; but the cast iron broke one day with less 
than twenty pounds pressure of steam ; the fracture being 
caused evidently by the heat expanding unequally and 
being kept from going to the form it would otherwise ae- 
Bume. — Had seen the Well-street boiler intended to bod 
sugar. The thickness was intended to be about two inches, 
or two inches and a quarter ; but by inserting tbe core un- 
equally, the thickness on one side was three quaiters of an 
inch; on the other side the thickness of tbe metal was two 
inches and a quarter, or thereabouts; therefore, to the ge- 
neral difficulty of cast iron was added a most improper con- 
struction. — Understood from the men who were working 
there, that there had been something like a mercury gauge 
attached to it, but that tbe mercury never fluctuated. It was 
probable there was a pressure of more than one hundred 
pounds. — Considered that a wrought-iron boiler might he 
rendered safe by the use of a column of mercury in a syphon 
or tube of sufficient size. When that mercury was dis- 
placed by the expansive force of the steam, which would 
be regulated by the height of that tube, to admit of the 
efflux of the steam from the boiler as fast as it was gener- 
ated by the fire ; in that case, the expansive force eould 
not increase in the boiler, the mercury would be blown ont, 
and the steam would escape. Conceived it essential to have 
a second safety-valve, which should be under the control, 
of the master or proprietor of the works ; and there was 
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dnoCber moM contrivance very important to the safety of 
the boiler. 

Boilers had frequently been weakened v^y modi by 
the water having been evaporated- too low. To icmedy 
this 9 a hole should be previously borM in the bottom, ri- 
vetted by a piece of lead, so that the lead woold remam 
perfectly secure bb long as it was covered with water; bat, 
the moment the water left it, the lead would radt, and 
the steam being Mown through the hdie, would put out 
the fire. Besides giving the signal of what was wanted^ 
it would at once put an end to the cause of danger. — Con- 
sidered that the mercurial gauge acted as a safety-valve, 
which could not be stopped or put out of order; and it 
had the advantage of exhibiting, during all times of A^ 
boiler's working, the state of the steam within the bofl^, 
by the fluctuation that took place in that column, as indi- 
cated by the appearance upon the surface of the mercury. 
If the mercury became stationary, it might readily be sus- 
pected that that tube was stopped ; therefore it would point 
out itself instantly that it had become not what it ought to 
be. The safety-valve had neithal^ad vantage, as it-did not 
indicate any thing till the steam was blown out by raising 
the weight. — ^With respect to the value of high-pressure 
Steam for working engines in Cornwall, of late a most va** 
luable improvement had taken place ; and if it was an ob- 
ject, to save coal to steam-vessels upon a large scale, high- 
pressure steam became an object of great importance to 
them, if applied upon the principle that Mr. Woolf had in 
the first place introduced, but which had been applied by 
Mr. Simms and others. . Was of opinion that those high- 
pres^re boilers might be made with equal safety as low- 
pressure boilers. — ^Had prepared a statement of the work 
done by the engines on the principal mines in the county 
of Coitewall. It stated the consumption of coal and the 
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work done by every engine therein named; from which 
it appeared that the average work of on^es then in the 
county of Cormvall was to raise about twenty millions of 
pounds of water one foot high by the consumption of one 
bushel of coals : that, by the introduction of hi^h-pressure 
Eteam, under the best mode of management, an effect equal 
to from forty-three to forty-five millions pounds of water 
was raised to the same height by the same quantity of 
cuals, thereby producing above double the effect. — Appr&- 
hended that condensing or low-pressure engines were 
equally liable to be blown up by the carelessness and in- 
attention of the engineer conducting them, with high-pres- 
sure engines. 

In France, at Crnsal, some very gt»od eiig^es were 
erected by Mr. Wilkinson, at a very large work; they 
were on Boulton and Watt's principle: one of them blew 
up, and killed several people. — Conceived that the mercu- 
rial gauge, if of sulhcient bore, might be applied with ease 
to the high-pressure boilers, so as to produce safety as 
certainly as the colunm of water, which was in feet a 
water-gauge, such as was usually applied to the low-pres' 
sure. — Conceived that there would be no difficulty in con- 
structing a safety-valve, so as to operate with certainty, 
and yet be safe from any impediment which the engineer 
might intentionally place in the way of its operation, with- 
out incurring any very considerable expense. 

Mr. John Collinge, of Bridge Road, Lambeth, Engi- 
neer, examined. Went to Norwich, in consequence of the 
accident that happened to the steam-boat there. — Attri- 
biited the explosion of that engine to the construction of 
the boiler. It was composed entirely of wrought iron, ex- 
cept one end, and that was capped with cast iron. The 
cylindrical part was made of wrought iron. — ^Was of opi- 
nion that any material imder very severe pres.sure waa 
liable to fail, and cast iron for (his reason, because in all 
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IfkTge bodies, it was fuund that the air could not wholly- 
escape in the act of fiisiou. Had occasionally had larg-e 
masses of cylinders and pans to break up, and frequently 
found cells where the air could not escape. There waa 
certainly a much greater dependance upon wrought iron 
or upon wrought nieta! ; perhaps it would be better to iu- 
clude copper. — In the event of any accident happening to 
the boiler, the greatest mischief would be likely to arise 
from cast iron, because cast iron Sew off in fragments, and 
wrought iron from its superior tenacity did not, — Remem- 
bered an accident having occurred at Maiden, where a 
boiler, nineteen feet long, was blown off the seat of its 
connection with the base. Had found, in making wrought- 
iron boilers, thai, if they were made of metal of a con- 
siderable substance, they conid not be so well united to 
make them steam-tight; it was a very difficult thing to do. 
The rivets that were applied lo wrooght-iron boilers were 
pnt in hot, and, when they were hammered, to secure the 
joint, they got cold, shrunk, and did not always fill the 
hole through whicli they had passed. — Had no conception 
that any safety-valve could be applied to render them per- 
fectly secure under heavy pressure, — Thought the mercu- 
rial gauge would be the greatest safety for a boat, if it 
could be judiciously applied. 

The condensing engines should not be more than four 
puimds to an inch ; and, if the capacity of the vessel al- 
lowed of it, the condensing engines answered every pur- 
pose, because the making a wrought-iron boiler would he 
on such a scale of thickness, that, if mure than the usual 
pressure were applied, the rivets would fail, and constitute 
a security against any fatal occurrence. — Thought from the 
power that was wanted in steam-boats, condensing en- 
gines were the best engines applicable for tliat purpose. — 
Did not conceive it impossible to construct a wrought 
melul boiler, with safety-valves properly adjusted to its 
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capacity, and a mercurial g'auge siippusing' that to be ca- 
pable of being applied, which should render a high-pres- 
sure en^ne, on board a steam-boat, what might be called 
perfectly safe. — Thought tliat ia order to give security to 
the public in travelling by steam-boats, it might be neces- 
sary to have an examination of each engine two or three 
times a year, as it would create confidence. 

Mr. WiLLUM Chapman, of Newcastle-upon-Tyne, 
Civil Engineer, examined. Considered all engines, whe- 
ther high-pressure or low-pressure, as dangerous to the 
passengers, unless due precaution was taken to emit the 
steam, when exceeding a given pressure ; for, in low-pres- 
sure engines, the boilers were always liable to burst, or to 
alter their force, when the pressure became greater than 
the resistance. All wrought-iron boilers, but those that 
were cylmtlrical in the section, and with hemispherical 
ends, or portions of splieres, or cones, or couiade, were 
liable to alter the form by the natural expansive force of 
the steam, and therefore all boilers of those forms owed 
their safety tu their weakness, because, if weak, they would 
alter their form without danger, and, if strong, they have 
been known tu bend the iron so abruptly, as to break 
asiuider. — There were high -pressure engines, working 
with a force of from fifty to sixty-five pounds per inch, 
and no accident had happened to any of them but to one, 
the safety-valve of which was stopped up by a man sitting 
upon it purposely. He said, he ivould have a good start, 
and surprise them. The consequence was, the boiler blew 
lip, and killed and wounded a very considerable number 
of people. — Considered that the high-pr^sure engine 
could only be rendered safe by having the boiler of the 
form already described, and the cylindrical part of an un- 
limited diameter, with a competent thickness of wrought 
iron or copper, and the plates secured to each other by a 
double line of rivets. It was also requisite that there 
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dboaM be twm wabtf^/wtiwea, mA bden wMk iMijr detenu- 
nate wdglit per soperficiad indi of die nuivwert port of 
die seat of die iralTe. . One of Aoee Tidres dbodUl be at 
perfect libertj to be laind at tbe pkaaore rftbe manager, 
becante aometknei it waa expedient to raiae k. Tbe oAer 
ahould be uader a coirer of sncb dcaiiip tioii aa not to be 
opened at all at the disoetioa of die engineer, bat widisuf- 
fieient apertures lor die wniagion of the steam, and fcv any 
of the pawengCTs to aee that theTidye waa not made fast. 
It was aim> requisite that there shoidd be a mercurial gaiQge 
of not less dian an inch in diameter,and whose longest 
Hmb fl^ioald not be greater than two inches and one-eighth 
for every pound per inch upon die 8afety-¥alve for each. 
It was necessary, by occasional inspection, to talce ctfe 
that the mervory did not st>ffi» by oxydatipB. occaaioDed 
by die heat and motion to which it was in a slight degree 
liable^ — Conceived that a high^pressioe . ^igine, thus 
guarded, ii%ht be- used widi -perfect safety-on board a 
steam-boat, so long as the boiler was kept in order; but 
the boiler bottcmi was liable to eorode or consume by the 
action of the fire, and therefore required watching. — 
Thought a boiler, might last twelve months, provided its 
bottom was made of charcoal-iron, beat, not rolled, be- 
cause there was a great deal of difference in tbe graia.-T- 
.Would recommend all the boil«^ on. board steam-boate to 
he made either of copper, or charcoalnffoii plates, beat un- 
der thie hammer, and not rolled. The r^jstance of tbe cy- 
lindvical boilers would be precisely in the inverse ratio pf 
thd diameter. 

Mr. Philip Taylor, of Bromley, Middlesex, Manufaop 
turing Chemist, examined. Considered die first and most 
material point to attend to in the co^truetion of high- 
pressure boilers was, that their diameters should be. small 
in proportion to their capacity ; that as eans^l a propcotion 
of die axtfrnal swrfeca of the boUec as pos^iblf should be 
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exposed to the destructive action of the fire ; and that that 
portion of the boiler which was subjected to the action of 
the fire should be so situate and truarded, that in case of 
explosion, the least possible mischief should arise. In all 
boilers which he had made use of, no portion of the boiler 
was exposed to the action of the fire, without its bein^ 
constantly covered with water. In the boilers constructed 
under his direction, the fire was applied under an arch of 
not more than two feet and a half in diameter : this pro- 
vided against any extensive rents taking; place in the event 
of explosion. All the boilers he had hitherto employed 
had been constructed of malleable iron, commonly known 
by the name of rharcoal-iron, rivetted together, and se- 
cured by strong wroughl-iron bolts. From observing the 
dang;er arising from the introduction of flat casUtron ends, 
be had invariably terminated the ends of the boilers by 
wroughf-iron ones, nearly hemispherical ; this mode of 
construction, so far as his experience had gone, combined 
more strength and durability than any other. The pre- 
cautions he had used to guard against the nui.sance of such 
boilers, had been by adapting to them two safety-valves; 
one under the control of the engine man, the other secured 
in a strong cast-iron case, locked down, and loaded with 
such a weight, as would suffer t)ie steam to escape when 
it had arrived at an improper degree of expansive force ; 
safety-valves not haviug at all times aaswered the purpose 
intended. Ilad, likewise, in every instance, attached to 
the boiler a mercurial column, the bore of which was pro- 
portioned to the size of the boiler ; and considered an iron 
tube, of an inch diameter, sufficient to guard against acci- 
dent, when applied to a boiler four feet in diameter and 
twenty feet in height; because the limit given by such a 
column came far within the limit of absolute safety. The 
external limb of the mercurial gauge had, in all cases, been 
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proportkNied to die strength ci the boiler uppUed, taking 
care that the ex'pansive force of the steam would displace 
the mercury long befinre any dangerous expansive force 
would arise* 

In order to guard against the boiler being injured by 
the action of the fire, from a deficient quantity of water in 
the boiler, had inserted a leaden riyet in such a situation, 
that it would melt as soon as it was. uncoyered by the 
water, and produce an opening, which would suffer the 
escape of the steam. — Considered cast-iron boilers safe, 
provided their various parts were made of small diameters 
in proportion to their capacity ; such, for instance, as those 
cimstructed by Mr. Woolf. — ^Thought that a IxHler con- 
structed on this principle was equally safe with those 
.called condensing engines, because a greater attention to 
strength is always paid in the construction of high-jmssure 
boilers than in the construction of those for low-pressure 
engines, in proportion to the pressure they have to sustain. 
—The high-pressure engine, constructed by Mr. Woolf, 
enployed not only the expansive force of the steam, but 
also that power which was acquired by its condensing ; 
and the effect in Cornwall had been, that engfines on this 
construction had done double the quantity of work with 
the same quantity of fuel. — Should amsider any measure 
tending to impede the use of high-pressure engines in- 
jurious to the country. 

Mr. Henry Maudsley, of Lambeth, Engineer, ex- 
amined. Never considered high-pressure engines were 
applicable to boats, because the purpose of high-pressure 
engines was to save water, and water could not be wanted 
on board a vessel ; the difference between the one and the 
other made no saving, either in the weight or expense, 
taking it ultimately, particularly when steam-boats were 
properly contrived— -Built the Regent steam-boat with a 
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low-pressure eiie^ine. Tlicre was a dispute between two 
men, and one of them swore that he would blow his boiler 
up but he would beat the Regent in coming up. The 
man certainly did exert himself as much as he could, and 
kept his steam as high as he coidd get it, and it flew out of 
the safety-valve very frequently, and he hurt his boiler 
materially irom doing so; but he did not beat the Regent: 
but, if it had been a high-pressure engine, he woidd either 
have beat her, or blown up his boiler, because he had the 
power in his own hand. Had employed tivo and some- 
times three safety-valves: to make it quite eaay for the 
man to move them, had a sort of bell-pull to pull it up 
every hour, if he pleased, to keep it in action ; because, it 
was clear, the spindle might corrode and stick fest for 
want of use. Supposing it not touched ouce a week, it 
would not be a safety-valve any longer, because a very 
little friction would add a great many pounds weight to 
the opposition the steam ought to meet with. — ^Never knew 
a low-pressure engine unsafe, but it appeared that high- 
pressure engines had been, — Conceived that the same mo- 
tive which would induce the engineer to work it with an 
improper pressure, would induce him to leave it un- 
touched, that it might have an improper pressure. — Con- 
sidered that wrought iron was extremely safe, compared 
to cant iron, 

Mr. Alexander Gallawav, of Uolborn, Engineer, 
called in and examined. Would recommend that, for 
steam-boats, the condensing engines should be used in 
preference to high-pressure engines; and, for these rea- 
sons : In the first place, the great advantage promised 
^m a high-pressure engine was, that it could be worked 
in a situation where water could not be procured, and 
therefore it was, for such a situation, a valuable machine; 
but, in situations where water cuuld be readily procured. 
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it was not' 80. And in refereiH» {b die omnparatire firiee 
b^ireen a high-pressure engine and a low-^resBoie en- 
gibe, and in reference to the space that it pccupiedy and in 
reference to the superintendence diett it leqaired, it was 
decidedly evident no economy was produced* Speaking 
of it as a matter of safety, it would be necessary ta say, 
that experience had fully proved that the maximinn tif 
force to be obtained by a condensing engine was wh«L ihib 
steiam was rarefied from threci to six pounds on the inch. 
The ei^ne was then by far more efficient than when the 
stistom was rarefied beyond that point* And it would ap« 
pear equally clear, that whether it was a cast-iron bcdler^ 
or a wrought-irOn boiler, or a copper boiler, the force of 
the engine was better performed by steam at three pounds 
and a half than at any increased expansive force; the 
boiler being subject only to three instead of six pounds, it 
must be less liable to explode or buiist at thi^ than at ah 
increased expansive force. Would fartfier say, that every 
man that wias called to. work a condensing steam-engine 
knew, that, when his steam was at three pounds and a 
half, it performed a greater quantity of labour than at 
any other time ; for, if it were increased, a vast labour was 
thrown on the air-pump and the condenser, and the ^igine 
retarded; therefore, a man had no inducement to increase 
the expansive force of the steam, knowing that no useful 
end could be obtained by so doing, but giving himself ad- 
ditional labour, and consuming more fuel, and performing 
less work. 

• All boilers on board steam-boats should have the fire 
in the in^rior of the boiler, because it was of very little 
importance, when upon the subjecft of safety, whether the 
jpassengers were to be endangered by mi explosion, or 
whether the vessel was to be weakened in its timbers, or 
essential securities, by the improper application of the fire 



STEAM NAIIGATION. 



fil 



to the boiler ; would tlieref'ore recommend that the fire 
should be coiitaiiied in the interior of the boiler, and that 
there should be an additional saiety-valve, which should 
be solely subject to the Nuperiutendance of the proprietor, 
' and that the manager of the machine should have no po»> 
sible access to it. — Would certainly recommend a wrought- 
metal boiler in preference to a cast-iron boiler; and the 
reason was clear, that the operation of casting, however 
skilfiilly managed, was always an uncertain process. — ■ 
Thought that if an additional safety-valve was applied to 
a boiler, and that safety-valve placed beyond the power of 
being interfered with by any person but the proprietor, 
then the boiler would be secure from explosion, if the 
safety-valve should be judiciously loaded; but if the 
safety-valve was even placed beyond the reach of the ope~ 
rator, and at the same time injudiciously loaded, a calamity 
might take place, the same as if nu such security existed. 
—Under all the circumstances of the case, would most de- 
cidedly recommend a condensing engine; a condensing 
engine, with a wrought-iron boiler; because, when cast 
iron became subject to high expansion and contraction, the 
constant repetition of those etfects in a very great degree 
impaired the strength of the boiler. — M^ouid venture to 
say, that all engines in steani-boat« should be subject to re- 
gulation and inspection by competent persons. 

A steam-boat must have a register ; and, before such a 
register should be granted, the engine should he inspected, 
to see whether it was of a character to deserve its being 
considered safe. — Was quite satisfied, that, taking for 
granted that condensing and high -pressure engines were 
judiciously formed, the one would take as much fuel as the 
other, and there would be no material saving, if any ; but 
if two principles were associated together, as in the case 
of Woolfs engine, there would be a considerable saving. 
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Mr. John Braitiiwaite, of the New Road. Fitzroy 
Square, Eiio:ineer, called in and examined. With respect 
to high-presHiire steam, would engage to make n boiler, or 
direct one to be made, which would defy any engineer, or 
other person, to blow up, or burst ; and liad lately erected 
five boilers, which he was ready to prove toaDyg;entleman, 
and even to nny engineer, that they could not destroy them. 
— Recommended to Mr. Marlineau, for whom he erected 
them, that, as there had been an accident in hia neighbour- 
hood, he ought to have a boiler to bear three times the 
pressure he meant to put upon it ; and, if it did bear that 
pressure, and they applied two safety-valves, with a mer- 
curial steam-gauge properly weighted and adjusted (one 
of those safety-valves being at the will of the person about 
the boiler, and the other locked up) it woidd be impossible 
to explode a boiler of that description. — Saw the boiler 
after it was exploded at Wellclose Square; and also con- 
versed witli one of the men that was saved, M'ho said, that 
lie had carried an additional weight to put on the safety- 
valve Just before it exploded ; that the mercurial gauge 
there was plugged up, so that it was useless ; besides 
which, instead of the safety-valve being weighted equal to 
forty-five poiuids, they added a double weight, which in- 
creased it to ninety-pounds weight upon an inch, and the 
boiler was very improperly made. — Would recommend 
wrought-iron boilers in preference to cast, ou board of 
steam-boats. 

Mr. John Hall, of Dartford, Engiucer, called in and 
examined. Had only to obiK^rve, that he made his boders 
of cast iron, and proved them by an hydraulic press, made 
for the purpose; and had gone as high as two hundred and 
fifty pounds to an inch, which he considered enough. No- 
tlijnic happened ; and he meant the next time to try what 
Ihey would bear; anrl had no doubt they would bear from 
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seven biindred to one thousand puiuids to an inch ; for be 
believed they could be made Ktrong;er than MTOught-iron 
boilers ; wrought-iron boilers being; rivetted together, could 
not be so strong as those cast in a solid mass. — Had a 
boiler made composed of three tubes on a large one, and 
two smaller ones below; the lower tubes which were ex- 
posed most to the fire, had cracked, generally by cooling;, 
after the eng'uie had done working. Had known that in 
three or four instances ; perhaps in an hour after the en- 
g-ine bad done working, the tubes below had cracked, and 
the other not. — Supposed that in the event of explosion 
the greatest danger would be from the wroiight-iron boiler. 
— Considered it (juite practicable to adjust a safety-valve 
tu a boiler, which should uot be accessible to the engineer, 
but which should sufficiently protect the boiler from mis- 
chief, and which once adjusted, would always act, and 
might always be depended upon. 

Mr. ALEXANDEn TiLLOCH, of Islington, called in and 
examined. Was of opinion, tliat attending to what should 
be attended to in every steam-engine, and employing proper 
engineers, a steam-engine would be perfectly safe, whether 
with high-pi-essure or low-pressure steam. The boilers 
ou^ht always to be furnished with safety-valves, one of 
which should be covered, and out of reach, with a box 
over it, but perforated, so that it might be seen when the 
steam operated on it. A mcrcurial-vaipe is also very good, 
tbat is, an inverted syphon, with a column of mercury, 
proportioned to the purposes for which it is to be employed. 
— Did not apprehend much danger to arise, in case of ex- 
plosion, from the mercury, because the tube being always 
perpendicular, the mercury, when shot out, would fall 
down in rain. Was of opinion a boiler might be made 
safe, either of wrought or cast iron ; but, for great strain, 
would prefer cast iron, contrary to the opinion of ninny 
o2 
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people; and the reaeon fur thiH preference was the aune 
for which it was preferred in making- cannon. It was not 
possible to get ihick plates of wrought iron perfect 
ttiroughout, and it was necessary to trust at last to rivets 
in joiniag them ; but cast-iron boilers could be made of 
any titrength. Instead of having a boiler that would stand 
sixty, it might be made to stand six hundred of either 
wrought or cast iron. Another reason why he would pre- 
fer cast iron was, that the sheet iron corroded much 
quicker, and was destroyed by oxydation, so that a boiler 
might be safe when first set up, and stand its proof, but 
rery soon become unserviceable, or at least, companttirely 
■o. Boilers should always be cylindrical, and for an ob- 
vious reason : capacity should be got by length and num- 
ber, rather than by diameter. There was no more danger 
to be apprehended from steam, as to bursting, than firom 
the employment of condensed air, only that the water 
might scald : but, as to the danger of the fragments being 
scattered about, it was the same with air as with steam, 
and yet all the engineers constantly employ cast-iron re- 
ceivers, condensers, or air-vessels, where pressure was 
wanted. — -In case of actual explosion, should think the 
greatest mischief would arise from the cast-iron boiler. — 
Was aware that there might be cavities in cast-iron, but a 
boiler being proved to a strain beyond that It was to be 
exposed to by heat, the safety of the boiler was secured, 
for the temperature never could be at that point. which 
would endmiger a fracture from that circumstance. 

Mr. George Dodd, Civil Engineer, of Oxford Street, 
stated, that out of five steam-boats under his direction, 
only two had suOered by partial accidents, and these were 
owing to the carelessness of tlie engine workers. His 
boilers were made flat sided, with flat and dome roofe, the 
largest of them containing at least fifleen hundred riv«ts. 



i 



STEAM NAVIGATION. 99 

each of wiiicti in some measure answered the purpose of a 
safely-valve. — Was of opinion that to all boiiera there , 
should be two safety-valves. The one which woidd b« f 
accessible to the eiig^ine worker should be loaded with the , 
mintrauni of the pressure that the chief ens^ineer saw fit < 
that the boiler should sustain; and that the one which J 
would be inaccessible and locked up, should be loaded i 
equal to the ultimatum that he would, under any circum- 
stances, permit the boiler to support. — Would not allow , 
the safety-valves to be loaded with more tlian half the i 
weight which had been previously tried, and found the- < 
boiler was capable of supportinj^. — Waa of opinion that a - 
boiler whose sides and ends were flat, if properly con- 
structed, and nf sufficient thickness in the plnte« of 
wrought iron, might be safely used on board steam-boats 
having the low-pressure engine. — In the Richmond steam- 
boat the fire was entirely surrounded by the water. It > 
was the case also in the Majestic ; but, in tlie Thnnies, and 1 
ID the new boat to Richmond, and the new boat to Graves- -i 
end, they were what was called open furnace-mouths, i 
Under the furnace-mouth was placed an ash-hole of cast I 
iron, bedded in clay, and upon fire-bricks. — 'Recollected < 
the boiler of the Caledonia, London and Margate steam- ' 
packet, bursting at sea, by the forcing out of three of the 
rivets over the furnace-mouth, which extinguished the < 
fire; but it was not productive of any injurious conse- i 
quences to any of the persons on board ; and the Cork and * 
Cove packet-boat in Ireland, with two hundred and fifty * 
officers and soldiers on board, burst her boiler when lying • 
alongside of the transport that was receiving the troops. ' • 
The bursting made a fissure, or opening, of nine inches by ■ 

ighteen inches ; but the steam which escaped did no in- 
jury either to the persons on board or to the vessel ; nor 
does it appear, under any circumstances of the bursting of 
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a wrought-iron boiler at ihe low-pressure, the etetaa not 
being more than ten or fifteen pounds to the inch, that the 
Bteam which mig^bl he suddenly let loose or disengaged 
would have power sufficient to raise the deck of the vessel, 
or to injure the parties on board. 

The Richmond steam-yacht cost, in the first instaace, 
including the engine, £ 1800. The engine itself cost 
about £1000. The Majestic cost about £2000; and 
the engine about f'SOOO mure. The Thames cost £2500^ 
including the engine at about £1200. In the new vessel 
built to go to Richmond, the hull and joiners', work 
cost £750; and an engine of fourteen-horse power, and 
apparatus, cost £1170. The hull of Ihe new Graves- 
end steam-yacht cost £750, and the engine £1370; but 
there were various other expenses before these vessels 
could be finished. — Had just g;ot a new boiler from Messrs, 
Jessop's, of BuHerley, for the Thames steam-yacht, which 
was charged £'215. — A safety-valve would cost about £4 
and a mercurial tube fur the same purpose £2, — Had de- 
ciined purchasing the Norwich steam-packet because it 
had a high-pressure engine. — Went with a party of Ger- 
man gentlemen from Bremen, who were anxious to make 
an immediate purchase of a steam-vessel ; and they also 
declined to purchase that, or any of the boats upon the 
river Yare, solely because they had high-pressure steam 
engines on board. 

Mr. Richard Wright, of Blackfriars Road, Engineerj 
called in and examined. The boiler of the Norwich steam- 
vessel was eight feet long, with a cylindrical boiler four 
leet two inches diameter ; it was first made with an inter- 
nal-angle iron at one end, and an external-angle iron at 
the otiier end. In consequence of the internal -angle iron 
having given way, a cast-irun end was substituted, which 
certainly was not accumtely performed. It was original)]^ 
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intended to Biislain a pressure of forty pounds totlie inch. — 
Should think that both wroiif^ht and cast-iron boilers might 
be used with et^ual safety j but that, in proving tliem, they 
oug^bt to be kept under the pressure a considerable time, 
say a quarter uf an hour, or half an hour. Sudden pre»« . 
sure may cause flaws in a boiler, which may give rise to 
accident afterwards ; but, if under pressure a considerable 
time, the action of it might be seen. 

Mr, John Richter, of Cornwall Place, Sug'ar Refiner, 
called in and examined. Was acquainted with the cir* 
cumstances attending the explosion of the engine at the ' 
sugar house in Wellclose .Square ; and bad attended IroiD 
time to time, during' the whole period uf the construction 
of that boiler, for the purpose of boiling sugar by means of 
high-pressure steam ; it was necessary they should have 
a pressure of from six and thirty to five and forty puunds 
to an inch. — Saw the boiler when the bottom only was 
put up, and was at that time informed that they had c 
the dume part of it, and that it was not sufficient, and that , 
they were casting another. Some months aAerwatda, 
found that other placed there. Saw them at work; and 
was informed by Mr. Haigue, who was the engineer, that 
they were boiling at eighteen pounds an inch, but found 
the index of the gauge standing at five or six and thirty. 
— It was a mercurial gauge, intended as an index, and 
measuring inches. In consequence of complaints from 
Constant, the Frenchman, in whose house it was, that it | 
would not du its work, and his fears in pressing it OD i 
to do its work, the maker of it became anxious to shew, 
that it would, and a day was appointed fur this to be 
done. Constant, at three o'clock in the morning, be- ' 
gan his work, and continued boiling till about eight, 
but boiling with a great deal of ditBcuIty, because 
be was afniid of puttuig the engine to the pressure 
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he required. He gave it np; he said he would boil 
I more; and the men in attendance, who belonged to 
ibe engineer, went to fetch the engineer. He and his 
nien came down, and persuaded Constant to have the 
fire lit an^in. He consented, after a threat deaf of dif- 
ficnlty, and went to another pan in an adjoining building, 
md there he was at work when the accident happened. 
They were urging the steam, and actually had put an 
I immense weight upon the lever of the valve, so as to ren- 
, der it totally useless. This was ascertained by a French- 
man, who saw it, and who stated to the man that he 
1 was doing mischief, and doing wrong. He was told to 
hold his tongue, and mind his own business; that he 
knew his business, and they knew theirs: the conse- 
quence was, that immediately afterwards it blew up. After 
this accident went every day to the ruins, for the purpose 
of ascertaining what had been the cause of the bursting; 
and saw the excavation, until the parts of the boiler, which 
was of cast iron, were found, and then finding parts of this 
boiler in different places, the seat of the boiler being where 
it had been placed, but the r&'tt scattered about in different 
directions. The bottom of it was two inches and a half 
thick, the upright sides of the bottom one inch and a half 
thick ; the lower part of the dome was seven-sixteenths 
thick, and one of the parts at which it must have burst, 
Hid where the boiler was completely defective in the cast- 
ing, was less than the eighth of an inch thick ; it was not 
Ihickerthan a crown-piece: the wonder is that it stood at all. 
— It was not intended to be worked above forty-five, and 
was ordered to be made to sustain the pressure of a hundred 
pounds to an inch. The whole house was blown to pieces, 
which arose from the fragments of the boiler striking the 
story posts, by which the support being taken away, the 
walls fell inwards. 
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Mn. John Steel, of Dartford, Engineer, called in and 
examined. If it was required to make the strongest boiler 
imaginable, should consider cast iron preferable, because 
it could be got to an unlimited strength of resistance, while 
wrought iron could only be had of a certain thickness. — 

I Was of opinion that the proof arising from the pressure of 
cold water was sufGcient to ascertain the safety of a boiler, 
which should afterwards be exposed to (he operation of 
fire, or of highly heated steam ; cast or wrought iron being 
at its greatest strength at 300 degrees of heat, which had 

, never been arrived at yet by steam. — Considered the mer- 
curial gauge, and two safety-valves as essential in the con- 
struction of boilers ; and was of opinion, that, by the adop- 
tion of those precautions, high-pressure steam might be 
used with safety, either with wrougbt-iron or cast-iron 
boilers. 

Mr. William BRCNTON.ofBirmingham, Civil Engineer, 
called in and examined. Had been concerned in making 
boilers for high-pressure engines, which might be so con- 
structed as to become useless before they were dangerous, 
upon the principle of having the exterior part of the boiler 
independent of the flue, so much so, that, while the flue is 
injured by the current action of the fire, the exterior part 
of the boiler remains, as lo strength, unimpaired. — Con- 
ceived that a boiler thiis formed, when the flue has been 
worn very thin, and then exposed to a greater pressure 
than it could sustain, the thin parts of the flue would act ' 

I aa so many safety-valves. — Believed it possible to construct 
boilers wbich would bear an expansive force of six hun- " 
dred pounds to an inch. — Usually employed two safety- 
valves; one in an iron box under lock and key, and that ' 
only at the control of the proprietor, and the other open to 
the engine man ; and a mercurial gauge as an inverted 

i sypfaou, which, in the event of the steam being stronger 
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thaii tlie iHcrcury can suntain, Ihe mercury will be drireii 
out, anil the boiler therehy relieve itself. 

In the Ligh-prPssure boiler, the injury which would arise 
from its burstiiig;, would be done principally by the frag- 
ments projected ; iti the low-pressure boiler, the mischief 
mig'ht arise chiefly from the hot water and steam. Could 
mention two instuncea in illustration of this ; the first of a 
low-pressure boiler havina^ given way in the bottom, when 
a stream of hot water was projected against the engine- 
tnan, causing' his death ; the second instance was of a high- 
preasure boiler, in which a hole was suddenly opened, the , 
water projected itself, and completely wetted a boy, stand- 
ing within a yard of the orifice, who was not at all injured 
thereby. Should say the fragments from the cast-iron 
boiler would be equally destructive either with a high or 
with a low pressure. Considered that the fragmeuts from 
a wrought-iron boiler would be projected with equal force 
with one of cast iron imder equal circumstances. — Knew a 
wrought-iron boiler which burst with high-pressuresteam; 
and a fragment, the largest piece, was carried to the distance 
of one hundred and fifty yards. — Was induced to prefer 
wrought to cast-iron boilers from the examination of seve- 
ral CHst-iron boilers, which were cracked or broken in the 
lower part of them, which appeared to arise from the une- 
(|ual temperature and expansion in the exterior part of the 
boiler, which was ojiused by a quantity of water at all times 
imder the flue, and consequently of lower temperature than 
the water above the flue : thereby causing the upper part 
of the boiler to expand in a greater ratio than the under 
part of the boiler. 

For steam navigation, would recommend a wrought-iron 
boiler, if properly constructed, ajid, at least, two safety- 
valves; the one to be placed under the lock and key of 
the proprietor of the vessel, so secured as not to be acees- 
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sible lo the engine-man ; and one over which the engine^ 
mnn had the usual control, — Woidd recominend the valves 
lo be nearly flat, or quite so, as they would be less liable 
to be fastened by the difference of temperature to ivhich 
the va[ve and the seat mis;ht occaBionally be subjected. 

Mr. George Doud ag^in called in and examined. Had 
been on board and waawell ac(|uninted with twenty steam- 
boats; knows that there are more than forty in Great 
Britain; many of which had cost £5,600, others £6,000, 
and one on the Thames above £ 10,000 ; considered a fair 
average to be £3,500 each, making the vested capital 
£ 140,000. Most of them were fitted up with peculiar ele- 
gance and acconiinodation, the fiirniture and decorations 
alone forming an expensive item ; they were also very ex- 
pensive to maintain, especially on the Thames, by reason of 
the great cost of coal. They were most numerous on the 
Clyde, where they had been productive of essential benefit 
to the general commerce and traffic of Glasgow, Port 
Glasgow, Greenock, and the neighbouring country. — AH of 
them had low-pressure condensing engines, and wrought 
sheet-iron rivetted boilers, except the remaining steam- 
boats bet>veen Yaniioiith and Norwich, and one in Holland, 
built at Yarmouth ; and they were high-presstire engines. 

Mb. Josias Jessop, of the Adelphi, Civil Engineer, 
called in and examined. Had no doubt butwhat thelow- 
prcssnre boiler waw more secure than the high-pressure, 
yet, from the natural wear and tear, both were liable to 
accidents. If au accident happened to one of a high-pres- 
sure, its consequences certainly would be more dangerous 
than that of a low-pressure engine. — Thought that to en- 
sure safety, the boiler should be able to withstand the proof 
of two or three times the pressure to which it was after- 
wards likely to be put, or rather the pressure to which it 
should be limited ; if, for instance, it was meant to work it 
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at fifty pounds' pressure, and it stood the proof of one 
hundred and fifty pounds, the presumption would be that 
it was secure; but, in the course of two or three year8,any 
boiler would wear out. — Would recommend an additional 
safety-valve, to which the person working' the engine shoald 
hot have access. 

Preferred malleable iron or copper for boilers, because 
it would nut burst by an explosion as brittle metal would ; 
it would probably rend at the joints. — Was of opinion that 
the boiler should be adapted to the shape of the boat; and 
that being' taken for granted, the safety would depend upon 
the strength of the metal, and not upon the form. Ttshould 
be made of such strength, that any indenture would not 
affect it. Although the form approaching to cylindrical 
was of course stronger than any other form, that which ap- 
proached nearest to a sphere was the strongest, but a cy- 
linder with hemispherical ends was beat. 

Mr. Alexander Nimmo, of Dublin, Civil Engineer, 
called in and examined. Was of opinion that the best 
form for the safety valve was that of an hemispherical cup, 
with its convex surface doMnwards, resting upon a collar, 
liiid to the bottom of the cup a weight was to be hung, 
which had previously been adjusted ; by this means, the 
valve was steam-tight in every position, yet withont danger 
of adhering, and must be lifted by the steam when it ex- 
ceeded a given pressure; but the valve might also be lifted 
by a chain attached to its upper side, which was inclosed 
within the iron case, and might be drawn up by the engine- 

' nan, or any person ou board, and whicfa did not allow him 
a keep it down, or to cotifine it. Had also found it neces- 
sary to prevent the accumulation of water upon the top of 
this valve, arising from the condensed steam, when escap- 
ing; this was done by a. siuaU waste-pipe descending from 

I ^e bottom of the pipe which conveyed away the' wa: 
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steam. Had thouafht it advisable to make the steam-valves 
large, tLat the weight which was laid on, being' of itself 
lai^, might easily admit of addition. Employed twu boilers I 
communicating, and two safety-valves; and a mercurial | 
gauge, provided with receivers, bo as to prevent the loss of | 
the mercury in case of any sudden collapsation or disengage* 
ment of steam, also a lube of glass attached to the boiler^ 
which exhibited the level of the water in the boiler, and | 
precluded any idea of danger in the minds of the passen« i 
gers, — Was of opinion that the construction of the cast-iron J 
boiler admitted of its being made of wrought iron with 
equal strength ; then the explosion of the cast iron one 
would be more dangerous, as it would tly iu pieces, where- 1 
as the other would probably tear. 

It was scarcely possible to form cast iron every where 
equally strong, and if a part be weaker than the rest, either 
on purpose or by accident, that would not have the safety i 
that would be obtained by a wrought-iron boiler : for in- j 
stance, in cast-iron boilers, it was common to have holes, 
and if these were filled with some metal of different melt^ 
ing temperature from cast iron, more fusible for instance 
than that, the juncture would part first, and it might be 
made to tear as a wroughUiron boiler would do ; and again, 
the wTought iron was so much more liable to oxydatioa 
than cast iron, that although found very efficient at first, " 
its strength and tenacity might be very speedily altered ; 
for these reasons, cast-iron boilers liad been preferred where 
high-pressure engines were used; and, in small tubes, 
the tenacity of cast iron could be made greatly to ex- 
ceed that which could be given to wrought ii-on in the 
same form, 

Mr. Author Woolf, of Pool, in Cornwall, Civd Engi- 
neer, called in and examined. Approved of the cast-iroD ( 
boilers in preference to any mixture of metals, particularly 
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Aoweampoaed of amnnber of lubes; il bein^ always iie- 
eeseary in boilers to have a certain quantity of snrlace ex- 
posed to the action of the fire, to contain heat and steam ; 
and if tliat were done in one vessel, of course it must be of 
considerable size o^reater in diameter than if composed of a 
number of tubes ; and the risk of explosion is in propor- 
tion to its quantity of surface. — Considered hia patent boil- 
ers calculated for every purpose; tbey were generally 
adapted to hig'h -pressure steain ; bis patent was taken out 
for a safe boiler for a high-pressure eng'ine ; indeed, in his 
own engines, fae did not work the steam to that height as 
was done in what were called the high-pressure engines, 
as the novelty of his enfjine was that it worked the steani 
twice over. — Made his boilers to stand from fourteen to 
twenty times the pressure he ever made use of, and em- 
ployed two safety-valves. — Did not think that the wrought- 
iroii boiler, would separate into so many pieces as the cast- 
iron boiler, but had no hesitation in saying, that cast-iron 
boilers were safer than wronght-iron boilers. — Could make 
a cast-iron boiler stronger and more to be depended on for 
great pressure than wrous;ht-iron ; but where great pres- 
sure was not wanted, wrought-iron could be made suffici- 
ently strong to depend on ; and was of opinion, that as 
great a number of accidents had happened from the burst- 
ing of wrought-iron boilers as from cast ones. 

Mr. Andrew Vivian, Miner and Engineer, of Cam- 
borne, in Cornwall, mllcd in and examined. Considered 
that the danger attendant on working steam engines arose 
from making the steam vessel of insufficient strength for 
the steam ; every engineer ought to be well acquainted 
with the power of the steam, and make the steam-vessels 
in proportion to the strength of the steam required. — Re- 
rommended the use of not less than two safety-valves 
on every boiler where a high pressure of steam was re- 
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quired, and that the boilers be made of sufficient Btreogth, 
and proved before used. — To prove the boder, it was first 
necessary to fill it with water, loadiDg the sal^ty-valves 
with ten or twelve times the weight required for the eiigiDe, 
and t)]en by injecting water into them, so as to lift those 
valves with ten times the weight required. — Conceived that 
a boiler so proved, and furnished with safety-valves, pro- 
perly adjusted to its contents, was perfectly safe in working 
with steam, whether high or low pressure. — Was accustom- 
ed to load (he engines in the mines under his direction, to 
about forty poimds an inch; and the valves were then 
loaded to about forty-five pounds. — Thinks it very possible 
to lock up one of the valves, which may be so constructed 
as not to be liable to accidents from explosion. — Did not 
see any reason why, in any situation whatever, the use of 
an engine should be limited to the low-pressure, or that 
which is usually called the condensing engine. — Conceived 
that cast iron could be made much stronger than wrought 
iron, with less difficulty ; some of the cast-iron boilers 
being made two inches thick ; and to make a wrought-iron 
boiler equally strong as that, would be very difficult to be 
accomplished by workmen. — Had known of no accident 
with high-pressure steam and cast-iron boilers; but had 
known an accident happen working with Boulton and 
Watt's low-pressure engine, which was on the 2StIi of 
November, 1811, in Wheal Abraham mine; a wrought^iron 
boiler, workiug with low-pressure steam, exploded there, 
and scalded six men, three of whom died of the bums they 
received in the course of a week afterwards. — Did not re- 
collect any instance in which a wrought-iron boiler ex- 
ploded, so as that any persons were killed by the frag- 
ments. — Did not conceive that water could issue to any 
great distance from a high-pressure boiler, as it must soon 
be Bteam. — Had never knt^wn any perwiw sqalded by ths 



jitamk or tbe water issaing from a hig^-preasure bvUer; 
but remembered mauy instaoces of persons beio^ scalded 
fiiom the same cause by a luw-pressure engine, only one of 
which came directly under his own eye. — Was quite of 
opinion, that boilers made of wroagfat iron for high-pre^ 
sure Higines would soon become leaicy, and that too with- 
out exploding. Knew an instance of a boiler of that des- 
_ i^iption made, which became leaky and unlit (or use ia a 
L «ery short time ; the consequence of which was, the wuH(- 
I jug of the mine was stopped, and a great number of people 
L thrown out of employ. — Supposing the only object to be 
L aafety to the lives or limbs of the persons who should be 
■ MUTOunding the engine, would, in that case, prefer having 
L the boiler of a high-pressure engine of cast iron, because 
^ it could certainly be made stronger than wrought iron for 
the same expense; while he considered the risk was so small 
as that it scarcely need be takeu into the question, because 
all explosions might be easily prevented by proving the 
boiler every time it was cleansed, which he thought should 
be at least every mouth. — Had found the use of a higb- 
{iressure engine of great advantage to the Cornish mines, 
V which could be proved by the monthly reports. — Con- 
L iceived that every engine ought to have two safety-valves, 
f «nd one should be locked up to prevent careless engine- 
i men doing mischief, which low-pressure engines are as 
I liable to as high. — Was of opinion that a high-pressure 
L engine did greater duty with the same coals than a low, 
L which could also be proved by the monthly reports. — 
L Being desired to attend the Hod. Committee on the part of 
. ibs proprietors of three of the largest mines in Cornwall, 
nited mines of Crowan, Dolcoath, and Weal Unity, 
titey wished to state their hope, that the Legislature would 
tmt interfere to prevent the use of high-pressure i 
^ther DD board boats, ot in any other way. 
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Mr. Thom as Lean, Inspector of Steam ciig;ii]eH, of Crow- 
an, ill Cornwall, called in and examined. Was employed 
by nearly the whole of the miners in Cornwall to inspect 
their engines, and mnkc monthly reports of the work they 
performed. — Conceived there was no danger whatever 
in the u^ of high-pressure steam engines : and for this 
reason, that, in genera], for an engine intended to be ' 
worked with high steam, the materials were made 
stronger in proportion than the materials used fm 
steam of low-pressure. — Considered it of importance th^ 
every boiler should have two safety-valves, one of which 
should be cxinfined from the engine-man. 

In a boiler in which great strength was required, 
would certainly recommend cast iron, and had no doubt 
but it could be made nnich stronger than wrought 
iron, the explosions that had happened in Cornwall 
having all been in wrougbt-irun boilers, and from low- 
pressure steam. — In every boiler that was built, there 
was one part of it weaker thaji another, and it waa 
hardly possible for a boiler to be thrown about in 
fragments to do mischief. Should not feel any hesita- 
tion to sit on the cast-iron boilers in Cornwall when an 
explosion took place, being convinced the explosion 
would take place at the under part. — Was in the habit 
of working the high-pressure boiler at forty pounds to 
an uicb, while they were proved to three hundred, and 
that too without injuring the boiler. — Apprehended, that 
with a boiler so constrncted, so proved, and guarded by 
two safety-valves, there would be no danger whatever 
in any situation; and was also of opinion, that the high- 
pressure engines in Cornwall had saved at least two- 
iifths of the whole consumption of coals in the county ; 
in some instances it had saved tfaree-Dfths. 

Mr. Georor Dodd again railed in and examined. 
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Witnew wkbed to ofier to the Committee m second 
•afety-yalFe, which admitted of being* locked up so as 
to be inaccessible to the ei^iiieer.. This was famished 
with a flat bottom, resting vpon a flat drcolar rii^^ 
the steam escaping from the sides of the box throi^ 
apotnresy so constructed as that nothii^ could be intro- 
duced to impede its action* 

William Lester, Esq. of Lambeth, called in and 
examined. Witness attended tor ihe purpose of di^yeiv- 
ii^ the drawing of a valve so ccmstrueted, as to prevent 
the possibility of any person having access to it to prevent 
its action ; it was self-acting entirely from the gravity of 
a column of water acting upon the valve, which pre- 
vented its being locked by any mod^e^ and it could not 
adhere because it was not a cone actii^ in another cone, 
but a flat surfiu^ pressing upon the top of a cylinder; 
and being enclosed in a box, and the steam getting out at 
the bottom^ no matter could get upon the valve to cause 
its adhesion. 



REPORT, 

The Select Ccnnmittee appointed to consider of the means 
of preventing the mischief of Explosion from happening 
on board Steam-Beats^ to the danger or destruction of his 
Majesty's Subjects on board such Boats ; and who were enu 
powered to report their observations and opinion thereupon 
to the House; together with the Minutes of the Evidence 
taken before them ; have> pursuant to the Order of the House, 
considered' the matters^ to them refared, and agreed to the fol. 
lowing Report: — 
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Your Committee entered on the tnsk assigned themi 
with a stronij^ feeling of the inexpediency of leg'islatice 
interference with the management of private concerns or 
property, farther than the puhlic safety should demand, 
and mxtre especially with the exertions of that mechanic^ 
skill and ingenuity, in which the artists of this country are 
9u pre-eminent, by which the labour of man has been 
greyly abridged, the manufactures of the country carried 
to an unrivalled perfection, and its commerce extended 
over the whole world. 

Among these, it is impossible for a moment to overlook 
the introduction of steam as a most powerful agent, of 
almost universal application, and of such utility, that but 
for its ossislance, a very large portion of the workmen 
employed in an extensive mineral district of this kingdom, 
would be deprived of their subsistence. 

A reference to the evidence taken before your Com- 
mittee, will also shew with what advantage this power has 
lately been applied, in Great Britain, to propel vessels 
both of burden and passage ; how much more extensively 
it has been used in America, and of what farther applica- 
tion it is certaiidy capable, if it may not be said to be 
even now anticipated in prospect. 

Such considerations have rendered your Committee 
still more averse than when they entered on the inquiry, 
to propose to the House the adoption of any legisla- 
tive measure, by which the science and ingenuity of 
our artists mi<;fat even appear to be fettered or discou- 
raged. 

But they apprehend that a consideration of what is 
due to public saiety, has on several occasions established 
the principle, that where that safety may be endangered 
by ignorance, avarice, or inattention, against which indi- 
ndnals are unable, either from the want of kDowledir^ 
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or of the power to protect IhemR^lros, it becomes the duty 
of Parliament to interpoRe, 

In illustmtion of th'i* principle, many instances mijBfht 
be given ; tlie enactments, respecting party-walls in builds 
in^, the rjiial id cation of physicianB. pilots. &c. the rcf 
fTulations respecting; stnsfe-cnnches, &c. seem all to be 
ffToniidetl upon it. And yonr Committee are of opinion, 
that its operation may, with at least equal propriety, be 
extended to the present case, on account of the dis- 
astrous coiiseqiiences likely to ensue from the explosion 
of the boiler of a steam engine in a passage- vessel, and 
Ihnl the causes by which such accidents have generally 
been produce<), have neither been discoverable by th» 
skill, nor controllable by the power of the passengers, ■ 
even where they Lave been open to observation. 

Your Committee find it to be the universal opinion of 
all persons conversant in such subjects, that steam-engines 
of Btnne constmctiou may be applied with perfect security, 
even to passage-vessels ; and they generally agree, thong'h 
with some exceptions, that those called high-pressure 
engines, may be safely used with the precaution of well- 
constructed boilers, and properly adapted safety-valves; 
and further, a great majority of opinions lean to boilers 
of wrought iron or metal, in preference to cast iron. 

Your Committee, therefore, in consequence, have cmue 
to the following resolutions, which they propose to the 
consideration of the House; 

I. Resolved, That it appears to this Committee, trom 
the evidence of several experienced engineers, examined 
before them, that the explosion in the steam-packet at 
Norwich, was caused not only by the improper construc- 
tion and materials of the boiler, but the safety-valve 
connected with it having been overloaded ; by which 
the expansive force of the steam was raised 
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of pressure, beyond that which the boiler was calcu* 
lated to sustain, 

2. Resolved, That it appears to this Committee, that 
in the instances of similar explosions, in steam-packets, 
manulactories, and other works where steam-engine* 
were employed, these accidents were attributable to one 
or other of the causes above alluded to. 

3. Resolved, That it is the opinion of this GommiU 
tee, that, for the prevention of such accidents iu future, 
the means are simple and easy, and not likely to be at* 
tended with any inconveniences to the proprietors of 
steam-packefs, nor with any such additional expense as 
can either be injurious to the owners, or tend to prevent 
the increase of such establishments. The means which 
your Committee would recommend, are comprised in 
the following regulations ; 

That all steam-packets carrying passengers for hire, 
should be registered at the port nearest to the place 
from or to which they proceed: — That all boilers be- 
longing to the engines by which such vessels shall be 
worked, should be composed of wrought iron or copper : 
— That every boiler on board such steam-packet should, 
previous to the packet being used for the conveyance of 
passengers, be submitted to the inspection of a skilful en* 
gineer, or other person conversant with the subject, who 
should ascertain, by trial, the strength of such boiler, and 
should certify bis opinion of its sufficient strength, and of 
the security with which it might be employed to tbe ex^ 
tent proposed ; — That every such boiler should be pro- 
vided with two sufficient safety-valves, one of which should 
be inaccessible to the engine-man, and tlie other accessible 



both to him and to the persons on board the packet :— • 
That the inspector shall examine such salety -valves, and 
shall certify wh^^ is the |iree8ure at which auclt^ "^Jh 
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tsItm shall upen, which pressnre shall not exceed one- 
Ihird of that by which the boiler has been proved, nor 
one-sixth of that which by calculation it shall be reckoned 
able to susbun : — That a penalty shall be inflicted on any 
' person placing additional weight on either of the safety- 
valves. 

4. Resolved, That the Chaimian be directed to move 
the Hotise, that leave be given to bring in a Bill for en- 
forcing such r^julations as may be necessary for the bet- 
ter management of steam-packets, and for the secnrity of 
his Majesty's subjects who may be passengers therein. 



In the evidence and Report to which we have alreaJy 
had occasion to call the reader's attention, the comparative 
safety of Steam Navigation is very satisfactorily examined. 
Another and more voluminous body of evidence has how- 
ever been subsequently publisheil, which shows how ap- 
plicable, as a prime mover, steam may be made under all 
circumstances. The following is a condensed analysis of 
the evidence given before the Committee of the House of 
Commons, on the conveyance of the mails by Holybead. 
I George Henby Frkeiing, Esq. was the first called 
in ; and examined, flad the principal management of 
the Holyhead steam packets. The Postmasters General 
had been obliged to purchase ail the sailing packets, and 
6nd to clear the station for the introduction of those ves- 
sels ; the object was, at first, to make the steam auxiliary 
to the sailing packets, but it bad been found that the 
^eam packets could do even more than the sailing 
fiackets, consequently two sailing vessels were kept 
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as auxiliary to the steam. Employed three steam vessels 
exclusive of the Tartar. The Royal Sovorereign of 210 
tons, and the Meteor of 190; the Sovereign being fitted J 
with two engines of forty-horse power each, and the Me- 
teor with two engines of thirty-horse power; they were 
both constructed by Boulton and Watt. The vessels were 
built in the river Thames, by a person of the name of 
Evans, at Rotherhithe, on purpose for the service, under j 
the inspection of the officers of the Navy Board ; they 
were built upon Sir Robert Sepping's principle of the 
diagonal tastening, and made particularly strong. The 
Ivanhoe of 165 tons was formerly on the Holyhead statioD 
as a private vessel ; the power of the engines fifty-six horse, i 
and was not so strongly constructed as the others. The 
intercourse had been very much facilitated, by the intro« 
duction of steam boats ; it was now almost reduced to a 
certainty. In the year precediug the introduction of the 
steam vessels, exactly a hundred mails arrived in London 
after they were due, and in nine months that the steam 
ve§sei8 had been running, including the winter season, there 
had been twenty-two only.* 

• Mr. Ftctling tklivcrod in a paper, which was read, as roUows|: I 

'* From llie Return made to the Order of the Committee on Holjliead i 
Roads, or the Damber of voyagea performed by the Sovereign luid Meteo^ 
it appears, that in a period of 26d dajs to the 2Uth of Febniaiy laat, thi^ 
have made 20o passagies oniy. 

" The remaining BO days may be thus accounted for ; — 

The Talbot was on duly - - - 16 days. 

The Ivanhoe 6 — 

The Tartar 8 — 

" In thirty instances no steam packet left Holyhead ; in eleven of these, 
whilst thS steam paelcts were nodet repair the mails were dispatched by 
(ailing! vessels which' effected the passage, in tbor instances, in time for 
the departure of the coaches from Dublin. 

" In the other nineteen instances, the weather prevented any vessel from i 

patUng to sea, or forced the steam packets hack after having put out. ' 

■■ Twen^-flve mails bare been bionght from Ireland by sailing packeti. i 
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The weather, the banning of the wmter, was worse 
dmn has been kmrwn for more than sixty years. Had 
proof that the steam packets would go to sea m weather 
when sailnig packets could not have gone to sea; the cap- 
tafais had always considered that it would not be prudent 
to go to sea, if they were obliged to be under a three- 
reefed mainsail, and the steam packets had gone out in 
weather in which the sailing packets would have been 
obliged to be so. The longest passage, was sevente^a 
hoars and twenty minutes. The shortest passage, in a 
gale of wind, five hours and thirty minutes. The av^^age 
of the passages of the Soyereign froai Howth to Holy- 
head, was six hours and fifty-43even minutes, and the 
Meteor seven hours and four minutes and a fraction. To 
Howth, the Soyereign sevetf hours thirty-six .minutes and 
a quarter, the Meteor eight hours and thirteen minutes : 
the shortest passage was frcmi Howth, five hours and 
thirty minutes. Sometimes the weather was so bad, the 
steam packets could not venture to put out. Hie best 
point for a steam vessel, in very bad weather, k directly 
head to wind ; both wheels can then act at the same time. 
The captains sometimes keep the vessel away, when it is 
blowing very strong, two or three points ; then, when they 
get on the opposite coast, they will take in their sails, and 
steam to the harbour in smoother water. Conceived that 
the success of the Sovereign and the Meteor, was very 
much to be attributed to the superior manner in which 
they were constructed. Had attempted to gain some in- 
formation about every steam vessel which had been built, 
and was convinced those vessels would do what no other 
vessel could do; they would go to sea in weather when 

" The steam packets have been too late for the Liveipool mail in about 
forty instances, and the London mail has b^en out of course in twenty- 
two cases only.'* 
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nothing; else could. Attributed that iiot ouly to the ma- 
chinery, but to the weight of the hull ; a lighter vessel iit 
a heavj sea would be checked, hut those vessels had from 
their weight a momentum so gjeat, that it carried them on 
when a lighter vessel would have been checked; the. 
weight acting as a fly-wheel. They are filled in solid, 
and they are nothing but ma^es of wood and copper. 
Witness had the authority of Mr. Laug of the Navy Board 
for stating that, with the exception of the discovery ships, 
there were no vessels so strong as the Meteor and So- 
verei^. 

With the view that there might be a sufficient time al- 
lowed for looking over the uiachiuery and the vessels, it 
was arranged that they should each be six days at sea and 
three days in harbour, which afforded ample time for in- 
specting the machinery ; that had been fixed in a great 
measure with reference to the engineers themselves, who 
stated that that time was more than sufficient for it. — Each 
engineer had charge of his own engine. There were four 
captains, who take it in turn; there being three vessels, 
each has charge of the vessel going the six days in turn, 
and once in a month the captains go off duty for eight 
days, the fourth allows a relief; the engineer being under 
the conmiaad of the captain. There are sixteen men on 
board each vessel ; as the work is very severe, there being 
only two vessels running every day, the compliment for 
them, when a third in upon the station, is fifteen for the 
Sovereign, being the largest vessel, fourteen for the Meteor, 
and fourteen for the Ivanhoe. — Ai^er each voyage, it takes 
a good while to clear the boilers, as they must bo allowed 
to coul; the cold air must not be let in; it was found to 
crystallize the salt and injure the boilers, and we were 
obliged to cease doing that. — The accidents might almost 
entirely be attributed to the use of cast iron ; the croa^ 



106 StBAH NAVIGATION. 

ban and the beams were of cast iron, and if any water 
was in the cylinder at starting, the check caused the cast 
iron to break. — Had now got them made of wrought iron, 
hut the lower beams of the euejines. which are very large, 
are stitl of cast iron ; there must be some part of the en- 
giae left to give way in case of any eroergeDcy, which was 
better than destroying the cyliuder. — Scarcely found (he 
Bails sufHcient to navi^te the vessels in case the engines 
&iled ; there was sufticient to do it in case of emergency ; 
but ihey had been trying experiments on the Dover sta- 
tion with diJTerent sorts of sails, and found lug-sails more 
powerful than any others, and had now sent down lug-sails 
for the Holyhead packets instead of their fore and aft sails. 
A packet being a large vessel, it would not enable her per- 
haps to fetch to windward, but she would be able to reach 
some port ; but there being two engines, tbey could be dis- 
comiecled, and one worked without the other; it bad hap- 
pened that a packet had proceeded using one engine only. 
That was in case the main shaft did nut break. 

It was hardly possible to draw a fair comparison between 
the Sovereign and the Meteor, one of them having twenty- 
horse power more than the other ; the bow of tbe Seve- 
re^ was infinitely superior to the bow of the Meteor, but 
the quarter of tbe Meteor was much better than the 
quarter of the Sovereign ; if we coidd take the bow of 
the Sovereign and the quarter of the Meteor, wc should 
make a perfect vessel. A good engine, with a sixty-horse 
power, would drive that vessel as fast as the Sovereign 
with her eighty. She would be equally calculated for the 
bad weather. — Witness found of the Sovereign and Me- 
teor, the Sovereign was the best vessel going head to 
wind Jrom her power ; but in blowing weather with can- 
vas, the Meteor was certainly superior. When we were 
going round to Holyhead from the river, we had wHne 
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very bad weather off Beachy Head, and while the Sove- 
reij^ti was labouring- in a sea, both under canvas, the 
Meteor shot by us ; thought she would have been down 
upon our deck; almost when we got round the Land's 
End, the weather was so extremely bad, that we had 
hardly head-way, and we thoug'ht we should have been 
driven up to Bristol, fortunately the wind moderated, and 
we were able to get into Milford. We were so aDxious 
to get the ve^els round, that the Meteor left the river 
in a very incomplete state; we had shipped several peo- 
ple in the river Thames who were sick and useless, and 
when we came to the very worst, there were only four 
people on board the Meteor who could stand on their 
legs; considering all circumstances, this could scarcely 
be taken as a fair trial, but on the whole the Meteor did 
as well as the Sovereign. 

Had two post-office st«am packets between Dover and 
Calais. One of them had gone through the winter, the 
other had only lately gone round ; but from their draught 
of water, and the difficulties of the harbour on each side, 
Calais and Dover being dry harbours, and their not 
being able to run into them at all times, the captains had 
not thought it prudent to go in such weather as the Holy- 
bead packets had put to sea. — A vessel constructed with 
all the properties of sailing, with the Sovereign's bow and 
the Meteor's quarter, might have a steam engine put into 
her, and answer as well as the Meteor or the Sovereign, as 
far as the hull was concerned; the object being velocity 
through the water, whether the vessel be propelled by 
machinery or by canvas. The boilers in the Holyhead 
packets were low-pressure. Mr. Watt, witness believed, 
was the inventor of the original high-pressure engine, but 
afterwards abandoned it on account of the danger. No 
>s of late had happened of accident from the biirstiRg 
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Thought tliG Meteor the best bont in a gale of wind. S»i)s 
assist the vessel very much. Had iiseil them every way 
except going head to wind, within fonr points of the wind. 
Had found the Sovereigii go as fast in a calm as at any 
other time. It must not be thought that a steam boat 
ninning before the wind in a gale and a heavy sea, that 
she ought to make tlie quickest passage, as we are then 
obliged to shut off half the Rfeam, or great part of it; for 
should you allow the full power to be on, the wheels run- 
ning two or three times round without touching any 
thing between the trough of the sea, and then being 
brought up all at once, something would probably give 
way ; but by tlius moderating the steam there is no fear ; 
the engine goes as easy as a glove. The sails serve to 
steady the motion. 

Witness was of opinion that in the event of the engine 
failing, with the assistance of snils and the anchor, the 
packet mig^ht always be kept in perfect safety. Improve- 
ments have been made lately to give steam packets more 
power of canvas. Three more cloths are put in the main- 
sail, and a very large fore-lug; the after one remains a 
schooner sail. — Witness wished the Committee to under- 
stand that in any weather, however severe, the steam- 
boats would stand that weather as well as any sailing boat; 
the more wind the better for the steam boats ; that was 
where they showed their superiority. 

Witness left Gravesend on board the Sovereign, in com- 
pany with the Meteor steam-packet, with seven or eight men 
on board of each. At 9 anchored in the Downs, blowing 
very hard; 'she rode very easy with thirty-five fathom of 
cable in five fathoms water. On Thursday tlie 18th, fresh 
gales from W.S.W. 5,a.m. weighed anchor and steamed 
for Portsmouth; wind dead on end. 4, p. m. made the Owers 
light ; hazy weather. 9. p. m. very heavy gales and thick 
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weather. Witness asked the engineer what coals he had 
on board, was told five hours ; was then obliged to steam 
in for the land. At 10 made the Nab light upon the star- 
board quarter, about a quarter of a mile ; shortened steam 
for the Meteor to come up. At eleven anchored at St. 
Helen's in six fathoms water, with forty fathom cable; 
bard gale. On the 19th, 3,30. A. m. weighed anchor and 
ran into Portsmouth harbour; made fast to one of the 
buoys alongside his majesty's ship the Queen Charlotte ; 
then we were employed in getting coals in, and very bad 
they were. Al 4, 20. got under weigh and steamed out of 
the harbour, and at 9 passed through the Needles, against 
a flood tide. This day was fine weather, and light airs 
from the N. W. At 1. 30. p. m. anchored in Falmouth 
harbour ; there we remained a weeV to clean the boilers, 
caulk the decks, and so on. Sailed from Falmouth the 
36tb, wind N. W. fresh gales. At 5. 30. passed the Long- 
ships lights. At 9 in a squall, with heavy rain, the wind 
shifted to the N.N.E. blowing very heavy, and a heavy 
sea, the vessels going from three knots to three and a hall^ 
head to wind, blowing hard. At 7 made Lundy Island, 
bearing E. by S. ; passed several vessels lying to ; passed a 
lai^ smack, lying to, under close reefed mainsail. At 8 
made sail upon the vessel ; stood more to the southward 
into the Bristol Channel to smoothen the water. At noon 
more moderate; water smoother; down all sails and 
steamed for Milford. At 5 anchored in Milford, found 
several vessels had been out in the gale, and obliged to 
put back ; the vessels that had been put back, bound tu 
Liverpool, said they had never experienced worse weather 
before for many years On Sunday evening the wind 
more moderate, and from N. to N. E. At S. p. m. got 
under weigh. On Monday, at 4 p. M. arrived at Holyhead. , 
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Was five dnys perfonnini^ this voyagie, with the wind rig'ht 
m head down the English Channel and iip the Irish. 

To prerent her roiling, witne^ would take a foot off (icr 
heam in the first place, and make her hottom not quite so 
round, and the engines placed nearer together, and her 
wheels not quite so wide on the side; ihey being eight 
feet wide. — Had observed in our vessels with wide wheels, 
the lee wheel a great deal under the water, and the other 
out; by the width of them, it increased the angle; and 
although a wide wheel was of great advantage in a river, 
witness thought it a great disadvantage in a sea ; supposing 
there were two forty-horse power engines, would not have 
more than a seven-feet wheel; and if there were two 
thirty-horse power, six and a half, would be sufficient. 
Those wheels would have power to give the packets the 
same speed they have at present; we might lose twenty 
minutes in a calm, but we should gain two or three hours 
in a gale of wind ; that has been tried in this river by the 
James Watt ; her paddies are nine feet wide, and with one 
half of them on, four and a half in length, she was found 
to go nearly nine knots, and she only goes ten with the 
whole on ; but after a vessel is got to go nine knots, it 
takes a great addition of power to make her go the tenth. 
— On building a new vessel, would recommend Watt's 
engine to be made use of; but should make the engine 
much stronger in every part. 

In the event of building a new steam packet, witness 
would build her in the same manner as the others are 
built, on Sir Robert Sepping's plan as to mo<le of fasten- 
ing, diagonal bracing, 8tc, &c. only a little finer at each 
end, and one fiiot narrower than the .Sovereign and Me- 
teor ; to be 95 feet in the keel, 105 or 106 upon deck, and 
19 feet in the beam ; about 1 SO tons, her transoms square, 
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and not very liigh out of the water. Tlic improvements 
in the engine would be to make them a little strong;er, 
and the boilers of greater length, keeping them more from 
the side of the vessel, so tliat the heat might not affect 
her, and more room to go round them, and to put the 
boilers lower down. It would htip to prevent their 
rolling. — The Talbot's boilers are a little higher than the 
Iranhoe; by putting the Ivanhoe's lower down, found she 
did not roll near as much. Would have the two main 
beams put close to the wheel, which would reduce the 
weight very mtich, and strengthen and make the vessel 
much easier, ashy being 80 far asunder a great weight is ad- 
ded, which acts as a lever. There should be twelve paddles, 
about seven feet long, and nineteen to twenty-one inches 
wide. The engine should be something between sixty and 
eighty-horse power, but this must depend upon the fine- . 
nes8 of the vessel, and the water she will draw. If the I 
engine is to be made much stronger, in that case we must | 
not go further than two thirty-horse power engines, j 
then the weight might be too much. Should recommend:' | 
with regard to the sails, a large lug forward, and a jib, 
and a fore and aft mainsail ; anil in case any thing should 
happen to the engine, I wonid keep a square topsail on 
board, and a gaff topsail aft, but not to be used except in 
case of necessity. 

Mr. James Brown, called in and examined. Belonged 
to the house of Boulton and Watt. Put up the engines 
on board the Meteor and Sovereign steam packets. Ge- 
nerally considered the working parts, the cros.s bars, the 
side rods, and the side beams, failed tirst. Upon the Leitfa 
station, one or two cross bars have broken, and that was 
entirely from want of caution on the part of the engineer, 
in starting the engine ; there was one accident of a cross 
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bar breaking in the Dasher. — ^Did not conceive it possible 
to make an engine without being liable to break ; there 
are some parts so small, that they must give way, and it is 
better the most insignificant parts should fail, than some of 
the principal ones, because they are easier repaired : for 
instance, it would be better for the cross bar to break, than 
the side beam, and if not either of those two, that 9ome of 
the cutters or straps of the side rod should go. They 
would be more easy to repair, and if the engine-enan sees 
any thing going wrong, he has only to let off the steam ; 
as there are generally duplicates on board of those parts 
liable to accident. It would be better to lower the whole 
machinery together, bring the engines nearer the centre of 
the vessel, and let the boilers rest upon the keelson; they 
could then be painted every month, which would.be a 
great advantage, for the action of the salt water is very de- 
trimental to the iron ; they ought to be painted every three 
weeks, or every month ; where a boiler will not leak with 
fresh water, it will with salt water ; and it forms incrus- 
tations upon the surface by exposure to the atmosphere ; 
they should be pumped out, and frequently cleaned. — 
Would make the paddle wheels the same as for the Leith 
vessels ; they are made with wooden floats in one piece, 
having three sets of arms, and the bolts are of a peculiar 
description, which allows the paddles to slip from the outer 
end of the arm towards the centre of the shaf^ by which 
means a vessel may use her sails the same as any other 
vessel ; should any thing give way, there would be no- 
thing but the arms in the water. In case of accident, there 
would be only four or five paddles to get rid of; the four 
topmost paddles would be slackened, and fall towards the 
centre of each wheel ; the wheels would then be turned 
round, and ^the bare arms would be in the water. The 
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-water gets upon the top of the piston, from Ihe condensed 
steam that forms froiTi the boilers after the pai^sag^ is orer ; 
it gets throuj^h the Kteam pipe to the cylinder, and con- 
denses there, perhaps to the depth of eighteen inches on 
tbe top of the piston, and if the engine is started suddenly 
without its being cleared away, it bas not time to get 
through the thoroug^h fares. The consequence is, that it ia 
Jammed between the top of the piston and the under side, 
of tlie cylinder coper, and risks tlie breaks^' of some parti 
as water will not compress, something must give way, and- 
the weaker parts of course will go first. 

The city of Edinburgh steam Tessel, is employed to go 
fWim London to Leith ; she went there during last season. 
Her first passage was extremely rough, we were eighty- 
'our hours mailing the passage. The shortest time wag 
fifty-eight liours. The distance is 450 miles. Her ton-< 
nage is 401 tons, the length upon deck 143 feet, and 14 
feet'deplh in the hold. She has not diagonal timbers ; she 
is built the same as other merchant vessels. No rolling 
of the vessel could throw the fire about; she must be 
pitching to a great degree, if that was to take place. — The 
coals are carried in boxes in front of the boilers, so as to 
be right and left for the fireman. They are generally pro- 
vided with two safety-valves, and liie steam used is about 
' fiY>m two and a half to three pounds pressure upon a square 
inch, at which pressure it blows off^ by the safety-valve of 
its own accord. 

Boulton and Watt have made them for many years in 
the way they now are, inaccessible for any person to load 
them by putting additional weight upon them. — Witness 
bad seen the Scotch engine men, in sfaiting their engines, 
place their feet upon the safety-valve. Supposing that tbe 
HBfety-valvea should get choked, the steam would come off 
i2 
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at the feed*pipe8. It would not give way nnder any cir- 
cumstance, not even tbougfa the valves were choked, the 
pressure is so extremely small ; die boilers are calculated 
to sustain fifty iimes the pressure required of them* If any 
part of the boiler, by length of use, became very thin, and 
gave way, it would merely rend, if malleable iron. The 
accidiBnts that happened fiiom boilers^ sometime ago, were 
owing to their beii^ on the high-pressure principle, and 
being made of cast iron. When made of cast iron, and the 
pressure too high, they gave way, and the metal flew just 
like a shell. Malleable iron tears and rends, without 
flyii^ or doing injury. The experiments made in the river 
with the Metecn*, shewed that she consumed about seven 
bushels per hour, rather under, she was then working above 
her full speed : the Sovereign was from nine and a quarter 
to nine and a half; the Meteor has two thirty4iorse en- 
gines, and the Sovereign two forty-horse engines ; the latter 
when using that quantity of coal, was going about nine 
miles and three qnartera through the water per hour. A 
bushel of good Newcastle coals is reckoned equal to a 
hundred weight of Scotch ccfd, so that it comes to very 
nearly the same thing; the Scotch coal generally bums 
very free, and so does the Stafibrdshire; but the bushel of 
Newcastle coal is equal to a hundred weight of either. — 
The standard bushel should weigh eighty-eight pounds; 
the best Walls End eighty; and the Wylam seventy- 
seven ; found that by actual weight, the specific gravity 
of the Wylam coal was much under that of the Walls 
End, the latt^ was not good for working ei^mes. The 
best coal for working engines is the Halbeath or Inver- 
keithing, from a place in Fife called Inverkeithing^ — 
Their peculiar quality is that of burning free, and be- 
coming completely white ashes, without caking upon the 
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fire bars« — It is a great object to get good coals. In the 
first passage that I went with the City of Edinburgh from 
London to Leith, the coals were very indifferent, and we 
were obliged to clear the fire every four hours. In com- 
ing back, we had a description of coal called Halbeath 
Main, and with them went sixteen hours without cleaning 
the g^tes ; the sulphur in coals will destroy the fire bars 
in a short time. 



CHAPTER V. 



Cylinder and Piston •— Condenser — Air'^Pump — Baro^ 
meter and Steam^Gauge-^ Working Beam — Parallel 
Motion •— Counter — Sun and Planet Wheel — Fly 
and other Modes of regulating Velocity — Governor — 
— Boiler — Scfety'^ Valves — Pumace. 

Having taken a brief review of the early history 
and general principle of this stupendous machine, it may 
be advisable before we proceed to a description of the 
principal engines now employed, to examine more minutely 
the separate parts and the progressive improvements ef- 
fected in each. 

The cylinder and piston being those parts of the engine 
in which the effective force is more inmiediately produced, 
may first claim attention. 

The piston of the atmospheric engine is generally made 
of cast iron nearly fitting the inside of the cylinder, a cir- 
cular ledge or rim being formed round it to receive the 
packing, without ^hich the steam would find a passage 
through the interstices in the cylinder. Mr. Smeaton, who 
greatly improved the atmospheric engine, coated the under 
side of the piston with elm or beech planks about two 
inches and a quarter thick; the wooden bottom being 
screwed to the iron with a double thickness of flannel and 
tar, to exclude the air between the iron and the wood. By 
the adoption of this improvement its property of conducting 
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heat was diminished, and the wood havina^ been previa 
ously Jointed with tlie vrain radintin;^ in all directioos- 
from the centre, was not liable to expand very materially! , 
by the beated steam. This piston was kept air-tight by a 
small stream of water continually fallins^ on its upper sup* 
face ; but in Mr. Watt's engine he was compelled. to eftecfe 
this by improving the fitting of the piston, the old mode 
being inadmii4!<ible. 



It 




I 



It ia DOW cast with a projecting rim at bottom, which itf 
fitted as accurately to the cylinder as it can be, to leave i 
it at fnll liberty to rise and fail tbrougii the whole length.' " 
The part of the piston above the rini is a little less all 
round than the cylinder, to leave a circular groove for the i 
hemp which forms the packing. To keep this in its place^ i 
a lid or cover is piit over the top of the piston, with a ring! ] 
or projecting part, which enters into the circular groove foi* I 
the packing, h k, and pressing upon it the plate is forced' I 
down by screws, ii, which work into the body of the pis-i | 
ton at a. By this means the packing is made to fill the 
diameter of the cylinder with tolerable accuracy, and to 
prevent for a time any steam passing between the pistoii> 
and the cylinder. The connection with the piston-rod 
is seen at re. When, however, by continued working- 
the piston became too easy, and so occasioned a waste of 
steam, it was found necessary to take off the top of the 
cylinder to get at the screws, even when fresh hemp op 
packing was not wanted, and this operation being attended 
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with conBiderable labour, was seldcmi resorted to by the 
engine-man till a great waste of steam had taken 
place. By an impioyement on this piston introduced by 
Mr* Woolf, this is now effected without taking off the 
cylinder coi^r, except, indeed, when new packing is 
required. 

To acc(»nplish this, Mr« Woolf fastens on the head of 
each of the screws a small cog-wheel or mit, and these are 
all connected together by means of a central wheel work- 
ing loose upon the piston-rod in such a manner, that if any 
one of the screws be turned a similar motion is given to the 
remainder, a small cap being provided in the upper end of 
the cylinder screwed down by bolts to make it steam tight. 
In a piston thus constructed, there is little difficulty in 
drawing down the packing, by applying a key to the square 
head of the projecting screw employed to communicater 
with the rest. Another method contrived by Mr. Woolf 
for the smaller pistcms differs but little from the preceding 
in construction, IniMead of having seveml screws all 
worked down by one motion, there is in this but one screw, 
and that one cut upon the piston-rod itself; on this is 
placed a wheel, the centre of which is furnished with a 
female screw, which is forced down by means of a pinion 
furnished with a square projecting head turned in a similar 
manner to the preceding. 

For high-pressure engines, however, the metallic piston 
invented by Mr. Cartwright has the most decided prefer- 
ence. This not only saves the trouble and expense of 
packing, which must be frequently renewed in all other 
engines, but also a great deal of steam, on account of the 
more accurate manner in which it is made to fit the cylin- 
der; this is effected in the following manner: Two 
metal rings are accurately ground into the cylinder, so 
that no steam can pass between their exterior surface and 
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the iuBide of the cylinder, their upper and under sides are 
ali^o ground perfectly flat, and applied one upon the other. 
On the upper ring is placed a plate of metal, rather smaller 
in diameter than the cylinder, while a similar flat plale ia 
placed below the under ring, both of which, irith the ringw 
between, are attached loosely to each other by means of 
the piston-rod passing through them. 

A shell being thus formed, the rings are each of them 
rut into three pieces, and in cutting them, such a portion 
of the metal is taken away as to leave room to introduce . 
between two of the pieces, a spring in form of the letter 
V, the open end of wliich is placed outwards, almost close 
to the circumference; by which means the two pieces 
against which the two sides of tlie spring act, are pressed 
in the direction of the circumference, against the ends of 
the third piece, so that the three pieces are thus kept so < 
uniformly in contact with the cylinder, that the longer the 
machine is worked the better the rings must fit. To pre- ■ 
vent steam passmg through the cuts in the lower rings, the 
solid parts in those upon the upper side, are made to fall 
upon the divisions and springs of the under ones, thus in- 
terrupting the communication thit would otherwise remain 
open, and forming a perfect break-jomt. 



A diagr.uu of Mr Bartons pibtou is annexed: and it 
will be seen that the flexible springs n ^ operate on the 
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wedges ccc aud as such must expand tlie remaiDing por- 
tions, rp, so a» to ensure tbe accurate fitting of the piston. 
Mr. Perkin's piston will be examined in a future page. 
The interior surface of the cylinder in which the piston 
works, requires to be bored with the greatest exactness, 
though this was but little attended to iu the early atmos- 
pheric engines, some of them being composed of timber 
hooped together in the same manner as barrels are con- 
structed. Mr. Watt, in his first attempts at improving the 
steam engine, employed this material in the construction of 
bis cylinders, though he afterwards abandoned it for those 
of bored metal ; the operation of boring being performed 
with the greatest precision, by an apparatus invented by 
Mr, Wilkinson.* 

Mr. Murray has also effected considerable improvem^ts 
m this part of tbe engine, and tbe boring machines em- 
ployed in his manufactory are of considerable value. 
They are worked by a separate steam engine, which is 
never stop{)ed during the operation, as in that case a 
shoulder or ring would be formed, vumiing completely 
round the cylinder. 

In small engines, it is common to place the cylinder 
witbiu the boiler, in which case no artiticial mode of re- 
taining the heat is required ; but to this arrangement in 
those of larger dimensions there are several objections, not 
the least of which is the frequent repairs (hat are necessary 
in the boiler ; and a similar effect has been produced by 
the use of a double cylinder. This was first adopted by 
Messrs. Boulton and Watt, the outer cylinder or steam- 
jacket keeping the inner cylinder at the temperature of 
boiling water, by the action of a partition of steam made to 
pass between the jacket and the working cylinder. 



• For a. description 
, Appendix, A. 



s patent oylinder uppuratus. sc 



GENERAL DESCRIPTION. 

We have already stated, tlmf Mr. Watt's great improve- 
ment consisted in condensing the steam in a separate 
vessel where a vacuum was formed by the continued ap- 
plication of cold water. A metal box constructed for thi^ 
purpose, and furnished with a pump for drawing off the 
water and air, is called a condenser. It is necessary that 
the parts appropriated to this purpose should be kept as 
cold as possible ; and upon this account the air-pump and 
condenser are placed in a cistern of cold water, which is 
kept friil by the continued action of a pump, also worked 
by the engine, and called the cold water pump, a little 
being allowed to pass off continually to preserve the water 
at an equable temperature. 

The air-pump and condenser are usually of the same 
size; if of one-eighth, the capacity of the working cylinder, 
it will be found sufficient to keep the condenser empty in 
Mr. Watt's single engine. The beat proportion for a dou- 
ble-action engine is about two-tbinis the diameter of the 
cylinder and half the length of stroke, the condenser, as in 
the single engine, being of similar capacity. 

In Mr. Maiidslay's portable engine the condenser is a 
hollow cylinder, and the air-pump is placed within it, so 
that there is no necessity for a pipe of communication from 
the air-pump to the condenser; and in this case a small 
cistern is fixed over the pump to contain the hot water, 
the discharge-valves being placed in the lid, which thus 
forms the bottom of the cistern or hot well. 

In the early engines, on Messrs. Boulton and Watt's 
construction, the air-pump and conden sing-cistern were 
placed at the outer end of the beam ; in which case the 
pump-bucket being drawn up by the descent of the pis- 
ton, the engine required less counter- weight than in thp 
present form, in which the air-pump must be wholly worked 
by the counter-weight. It was necessary also, that the 
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parte appropriated to the comknsation of steam should be 
kept as cold as possible; on which account, the air-piuiip 
and condenser were placed in a cistern of cold water, 
which being continually on tlie overflow, carried oflT the 
excess of heat in the manner already described. 

The mode of condensing by outward cold, was not how- 
ever found sufficient; and Mr. Watt afterwards intro- 
duceil a small jet of water, the dimensions of the air-pump 
being so far increased, as to extract the injection- water as 
well as the air. 

To show the degree of vacuum in the condenser, and 
consequently the amount of pressure on the piston, a 
barometer-gauge has been employed. This is justly con- 
sidered as a most important instrument, though unfortu- 
nately fur the profit of steam-engine proprietors but little 
attended to. This gauge is in fact a common baromet^ 
tube, of thirty inches in length, with a graduated scale, 
and connected with the condenser by a small tube furnished 
with a stop-cock. When the air is expelled from the cylin- 
der this must be closed, otherwise the steam entering the 
tube would blow the mercury irom the cup. On (he cock 
beiug turned, and the communication opened with the con- 
denser, the exact degree of vacuum will be shewn by the 
height of the mercurial column, which, if the condensation 
be not complete, or air be admitted, will descend, and on the 
contrary, if perfect, it will ascend, as in the Torricellian tube. 

The steam-gauge employed by Mr. Watt, consists of an 
inverted syphon or bent tube of glass or iron, one leg of 
which is jointed to tbe steam-pipe, while the other is open 
to the atmosphere. A quantity of mercury being poured 
into the tube, it will occupy the lower or bent part, and 
the surface of the fluid metal !n one leg being exposed to 
tbe pressure of the steam, while the external air acts upon 
the other, it is evident that the difference of level of the 
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two surfaces will express the prejisure of tlic steam in the 
heig;lit of the mercurial column passing up the g^tlaatcd 
tube. 

This gauge is just the reverse of the preceding; ibe 
barometer shewing the pressure of the atmosphere on a 
given space of the piston, while the steam^nuge indicates 
the force of clastic vapour entering from the boiler. It is 
the duty of the fireman frequently to look at thia gauge, 
that he may know when to increase the fire in the furnace, 
and thus a sufficient supply of steam will always be se- 
cured to the engine. 

In the early atmospheric engines, the working-beam 
was composed of a large and almost unhewn tree ; but 
Mr. Smeaton employed a framing of wood for this pnr-- 
pose, which was afterwards much simplified and improved 
by Mr. Hornblower. 

In double-acting engines it is usual to hare the beam 
cast in one piece, the extremities being turned in a latbe 
to form cylindrical pins, upon which are fitted sockets or 
pieces, having other pins projecting from them to form 
the points of the parallel motion and connecting rod. 
Thus, there is one pin on each side of the socket, tfie two 
links of the parallel motion being fitted to the two pro- 
jecting pins at one end, while the double joint of the con- 
necting rod is fitted on the two piiia at the other end of 
the beam. The advantage of this construction is, that the 
joints at the ends of the beam become universal joints, 
having liberty of motion in all directions; and in some of 
Mr. Murray's best engines, the same contrivance is applied' 
to the crank pin and connecting rod. 

The annexed figure represents one of Boulton and 
Watt's parallel-motions, and is that now most commonly 
used by themselves, and other engine-makers. Tliis has 
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two fixed centres^ a andy^ and rods ccmneeted by moTe- 
able joints r, 6, d and e, forming a parallelogram. 




tn setting out these centres, the line in which the 
piston is to moye, should fall as much short of the end 
of the beam, or point &, when in the horizontal position,' 
as it will be beyond the end of the same at the two ex« 
tremes of the movement: the link, &, connects the end of 
the beam with the top of the piston-Tod g^ and about half 
way to the centre of the beam, another link ce, of the 
same length, is jointed, being always kept parallel to the 
former by a connecting rod, de, which is equal in length 
to c ft, so that c &, d Cf may fcnrm a parallelogram, in 
whatever position it may be placed by the motion of the 
beam, and the consequent motion of the links and coup- 
IiI^^-rod on their moveable centres. 

The paitdlelism of the point ef, is produced by means 
of the lever ej\ which is connected to the point e, of the 
parallelogram, and the other end moves on the fixed 
centre y*; therefore the end e, of the rod ed^ moves in an 
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arc of circle, round the centre f; the other end d, will be 
found to traverse in a nearly riajht line. 

The proportions of the levers of this motion admit of 
great variation: the simplest case is, when the radius ac^ 
IB exactly half of ab, then c^must be eijual to a e or c A. 
Considerable latitude is allowed to the workman in the 
length of the links hd and ce, without sensibly deranging 
the parallelism of the point d, and piston-rod attached to 
it. With these proportions, the center f, will fall up(H) 
the same line as tlie piston, which is ofleii inconvenient { 
for as there are two of the parallelograms c e and rffr, one ' 
on each side of the beam, the centres of the iever ef^ caimot ' 
be made on one common axis. Eleven different propor* ' 
tions for these levers will appear by the following table of 1 
dimensions \\\ inches, taken by the author from some of j 
the best steam-engines, by various makers in or near 
the metropol's. 
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The two great links of the parallel-motion, are each 
composed of a strap or loop of iron, bent so as to form a 
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doable link, in the upper bend of wluch are two sockets 
for the pivots at the end of the beam, and at the lower ^id 
are two others, for the pivots which project on each side 
of the piston-rod socket. The brasses of this joint are 
held in by wedges, put through the two links at the low^ 
end, which, on being driven inwards, t^hten the fittings 
at pleasure. 

The proper lei^^ of the stroke for different engines is 
not at all settled; Mh Watt's first engines were made 
much longer than this table, but of late years they have 
been made shorter, and without any adequate reason 
which we can perceive ; for it must be an advantage to a 
n^M^hine to make as few reciprocations as is oonsist^it 
with a practicable length of cylinders. These difiorences 
in the length of stroke do not affect the calculation of 
powers, because if the length of the stroke is altered, 
the number per minute is also changed, and the velo- 
city of the piston is the same ; at least it will be always 
nearly the same as for those engines that work a crank 
and fly-wheel. But it must be observed that these 
engines move with a greater celerity than the engines for 
pumping water, because it is necessary to accumulate a 
considerable velocity in the fly-wheel, or it must be im- 
mensely heavy if the piston was to move so slowly as the 
pumping-engine generally does. 

It is usual with engine-makers to calculate the velocity 
of the pistons of engines at 220 feet per minute ; but we 
have rarely found them to come up to this in practice, 
and have therefore calculated them at less. In the table 
the pressure upon each square inch of the surface of the 
steam-piston is in proporticm to the velocities there mark- 
ed ; and if the velocities are found less than the table, as 
is die case with engines for pumping, then the load upon 



each inch of the {^ieton miigt be increased in proportion, or 
else the power of the engine will be differenl, although 
the cylinder remains the same. 

To asrertain the number of strokes made by the engine 
in a given time, a simple apparatas was contrived by Mr. 
Watt, called a counter. This is in some casea attached to 
the beam, each stroke moving one tooth, and the inde» 
hand shears how many strokes have been made in a given 
time ; and by comparing this register with the diameter 
of the piston, and the barometer-^uage, the exact power 
of the engine is accurately shewn. 

The fly-wheel has justly been considered one of the 
most important and valuable parlji of the steam-engiue : 
when coinbined with the crank, it is employed to convctt 
a reciprocating into a rotatory motion. If of moderate 
size it should be cast in one piece of metal ; this, however* 
cannot often be accomplished from its great weight, the 
fly-wheel of a large engine frequently exceeding ten tons. 
When of this size, the ring is usually cast in six piecesi 
of about a ton each, and connected by wrought-iron bolt^; 
but a method has lately been introduced ui large engines, 
of substituting the dove-tail for that mode of connecting 
the parts. In this case the arms are fastened into the ring, 
and the segments of the ring fastened together by a system 
of dove-tails, which admit of being put together only in 
one direction, which is contrary to that in which the cen- 
trifugal force acts. It is a great object in constructing fly- 
wheels, to choose that form which oficrs the least possible 
resistance to the medium through which it revolves, and on 
this account the ring should be smooth and truly circular ; 
the radii being made with a thin edge to the air. It is 
also necessary that the various pieces connected with the 
fly, should be cast in the most solid manner, as the centri- 
fugal force of so lai^e a mass frequently moving at the 
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rate of more than three hundred feet per second, would, in 
the erent of any part flying off, be productive of the most 
fatal consequences. 

Messrs. Murray and Wood form the radiating arms or 
cross bars of an elliptic figure, the narrowest edge meet-^ 
ing the air; and to these eminent engineers we are in- 
debted for the following rule for proportioning the fly- 
wheel of the steam ' engine. ' Multiply the number of 
horse power of the engine by 2000, and divide it by the 
square of the intended velocity of the circumference of 
the fly-wheel in . hundred-weights^ Of this rule Mr. 
Buchanan furnishes an example : to find the weight of a 
fly-wheel proper for an engine of twenty horses' power, 
supposing the fly-wheel to be 18 feet in diameter, and to 
mnke 22 revolutions per second : wheel 18 feet diameter 
ss 66 feet in circumference; x 22 revolutions per minute 
=s 1232 feet motion per minute ^ 60 = 20^. feet motion 
per second for the motion of the circumference of the fly- 
wheel. Then 20,- feet per minute squared, = 420^, and 
twenty horses' power x 2000 = 40000 -^ 4S0i a 90.4 
cwt. of the wheel required. 
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A'^Tabk Mhewmg^the Faroe which iheCafmediMg^odofa' 
SteamEngine ha$ to turn round the Crank at different, 
parts of the Motion. 



The parts of the eng^e are supposed to have the foU 
lowing proportioiis : length of the stroke, 1 ; length of the 
beam, 2; length of the crank, .5 ; length of tlie connect* 
ing-iod, 8. 
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The 'third colwnn of this table also shews the force 
which is comnranicated to the fly«wheel, expressed in 
decimals, the force of die piston being i. 

k2 



1W Aim IM» «xplMi ilMir ¥j Ik tides of ks difleif^ 
md it m cJty ■! i ii—j to Towrk, tiwi Ae 
of force we Ml to be in— kfai cd as sn mbsolute 

loss of power, becsMe, wha the crask bas but d^t 

tbe tap or bottom of Ae stroke, 

aknr; aad, is co as p 
to ioiw iato tbe ejliadcr, 
widi a greater po«r«r; tboe- 
ia force vpon tbe crank, it 
dii giec by am i a cna se rffts power; aad, 
\ k laai— m kas atasas Aaii wbea 
widi ito wbole Telocity. »< actiqr widi loll force 
uporn die craak. Heaoe both tbe power and Tdocity of 
tbe piston ia tbe cylinder aie to be uawitbif J as varying 
condnoally ; and if tbe fly ii anflkieady benTy , it wfll be 
foond diat tbe rotatife aaitisn ii very nearly rqi^afaur, 
while Aft ascent and descent of the pirtan are acederated 
from nothing at die top of tbe cylinder, to ite greatest 
▼docity at die middle, or nenr die middle, and from that 
point it ii retarded till it comes to nothiia|^ at die bottom 
oftbemotiDn. The taUe shews tbe exact incrementa and 




In additiun howefcr to tUs mode of regnlatni^ tbe 
▼docity of die steam eagime^ a Tariety of ptans have been 
ai^fgestad fer equalisiBig die adnuBsion of steam ; die most 
ample of which is by nKans of a Inaidle connected with 
die throttle-¥ahe. Thii is a thin circalar vane placed in 
the slesm pqie^ taming on a pirot acrom ita centre^ which 
cosMs dumo^ die p^e, and has a mad! handle fixed on 
tbe end of it, by taming which, die paasi^ is <qpened or 
diut When the vane is set, so that ite plane is perpen- 
dicvbr to die axis of the pipe, it nearly fills tbe ciradar 
paamge, and allows very little steaa^ if any, to pam by it; 
Stf when the vane is tamed e^icways, it presente a very 
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%mall surface, and leaves tlio passage nearly open ; so that 
hy thus lumin^ the handle, the attendant can at any time 
r^nlate the speed of the engine. 

The governor or donble pendulum, is also employed for 
this purpose. Tiiis consists of two balls, suspended by 
joints projectinc^ from a vertical axis, which bein^ caused 
to revolve by the machine to which it is connecte<l, will 
increase the diameter of the path described by the balls 
with the increasing speed of the machine; or, in other 
wtH^s, their centrifugal force will cause them to fly o(f 
from the arbor in a degree proportionate to the velocity of 
the machine; and this motion is made to actuate the lever 
connected with the valve, which admits the titeam from 
the boiler to (he cylinder. 



I 




TTie balls ii are supported by the bent levers hj", and 
US lliey are made to revolve with the fly-wheel axis, by 
means of a band passing round the pulley c, any increase 
in the speed of the engine will cause the balls to diverge. 
The moment this takes place, the shorter arm of the lever a 
h depressed al m, and as the other extremity / is connected 
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with tlie 8team-pipe bj the throCtle-valve, the passage ijrf 
Ae steam is dnninishedy and the proper speed prudaced. 

Another method, is to have a small pump worked bjF 
the et^finey and raising up water into a cistern, from which 
it runs out again in a constant stream. By this means the 
water will accumalate, and . rise - in the cistern, if the 
engine work rapidly, sbias to puinp more water into the 
cistern than' will flow out of it in the same time; and, on 
the contrary, the surface of the water will sink in the cis- 
tsm, if the engine work slowly ; and a float beii^ in the 
eisten^and connected with a wire to the ibrottle-valye, a 
propartkmate efiect will be produced on the engine.* 

The only maieriak ilmt have hitherto been amployed in 
the construction of steam-engine, boilers, are iron, cop|>^, 
wood, and stone. The latter of these was introduced by 
Mr; Brindley, who, in 1756, erected a steam engine near 
Newcastle-under-Lyne with a boiler of this description. 
It was composed of brick and stone firmly cemented toge- 
ther, and the watei* was heated by iron flues passing in 
various directions. An admirable cement for this species 
of boiler may be formed of boiled linseed oil, litharge, and 
red and white lead mixed together to a proper consistence, 
and then applied as a species of mortar to the stones. If 
the joints be properly filled, a cistern thus constructed 
will never leak, nor want any very considerable repair. 

Savery's boilers were of copper, and contained about 
five or six gallons of water ; and the Marquis of Worcester 
states, in the Century of Inventions, that he employed " a 
piece of a whole cannon" for the purpose. 

The atmospheric-engine, constructed by Newcinnen, 
was provided with, a boiler of cohsid^^ble dimensionsi^ 



* 'The patent regulator invented by Mr. Job Rider, is described in 
Appendix A. . 
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composed of wToiia;lit-iroii plates, the upper part being' of 
an liemispfaerical I'orni to resist llie elasticity of (lie steaiii ; 
tiiifl it is of coDsidentble importance Ibat tbis pari oftlie 
boiler be acvitratvly proportiontMl tu tbe power of the 
entpiae. If the boiler-tup be too small, it rec|i(ires the 
»teani to be heated tu a greater (leii;ree tu iucrense ifN 
elastic force sufficiently to work the eii^ne, and then ihe 
condeiisatiuii on eiiteriiiir the cylinder will be greater. If 
the top contain ci«;ht ur ten times the <]nantity of steam 
used at each stroke, it will require no more fire to preserve 
its elasticity than is aufHcient to keep the water in a pro- 
per state uflioilingi this, therefoi-e, may he considered ^ 
the most elirrible ^izc. 

Wooden boilers have as yet we believe been excldsively 
cunfined to America. They were introduced by Mr. 
Andenton and Chancellor Liviugi^ton. The merits of this 
Iiuiler are, economy in construction, and a very material 
saving; in fnel ; the latter of which advantages will be 
readily seen from the ciroiimstaiice, lliat wood is a bad 
conductor uf lieat, while metal is one of the best. That 
there is a ^roat saving in the employment uf this species 
of boiler where wood is cheap is sufficiently evident; that 
part, however, which is above the water, and consequently 
exposed to the action of the steam, speedily decays, and 
the elastic vapour passes thruugh the joints. This defect, 
however, might be remedied, by coating the internal snrfaco 
with thin metal, which might readily be connected with 
the fitrnace and flue, so its tu make the whule builer steam- 
tight. 

The boiler of Messrs. Boulton and Watt's engine is sn 
nla<^vd as to receive the greatest, possible degree of heal, 
(be ftnmo passing through a long ttne which twice encir- 
cles the lower part. This is kept constantly supplied 
with water, to repair the waste of evaporation by means of 
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a pump coiuinunicaling with tbe hot-well ; and as it u 
uecessary thnt this sliuuld always be preserved at the 
same level, the feed-pipe is closed by a valve in the bot- 
ttHU of the cistern, which prevents the water ninniDg down 
into the boiler until its level subsides, and shews that it 
requireH replenishing. To know the exact height of the 
water in the boiler, two cocks are mostly employed ; one 
of which is carried below the requisite water-mark, and 
the other stands a little above the desired poiitt. If steam 
should issue from both cocks, the supply has not been 
sufficient, and more must be admitted ; but if, on the con- 
trary, water proci-ed from the one cock and steam from 
the other, it may then be considered about the proper 
level. 

The patent boiler employed by Mr. Woolf, is dilTerent 
from that commonly used in engines which work with 
steam of a low pressure, the water being contained in 
Heveral cylindrical tubes of cast iron which are exposed to 
tlie heat of the furnace nearly in an horizontal position. 
In the employment of this kind of boiler care should he 
teken that the dame and heated air be made to come cont- 
pleteiy in contact with the iron tube,s of which it is com- 
posed, and so as to give out the least possible portion of 
beat previous to reaching the chimney. 

This mode of raising steam of great elasticity, by ex- 
posing a large surface in a number of heated tubes, does 
not appear to have originated with Mr, Woolf, it having 
been proposed by Mr. filakey in a small tnict which be 
published in Holland as far back as 1776. It appears, 
- however, that Blakey's tubes were to be placed over each 
other upon the same principle as the gas-retorls, and the 
water passing down the heated pipes, was thus readily 
converted into steam. 

The high-pressure boiler, employed in Mr, Trevithick'^ 
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engine, fa supplied with water previously heated tn aseparate 
vessel, by a siaall force-pump worked by the engine. In 
some of the improved engines, however, another and more 
ingenious mode has been adopted, the water being driven 
in by the action of a volume of highly expansive steam. 

Among the provisions m»de fur the security of the high- 
pressure boiler, we may enumerate the soft metal plug and 
double safety-valve. The former of these contrivances is 
calculated to prevent the boiler being burst by the sudden 
introduction of water, when it has been allowed by care- 
lessness to boil dry, and become red hot; and by the em- 
ployment of two safety-valves placed in different parts of 
the boiler, the chance of accident ia diminished at least 
one half, while the effect of the engine is in no shape im- 
paired. 

The greater part of the boilers employed in American 
steam-navigation are of ivrooght iron, and are usually 
more than a quarter of an inch in thickness, of a cylin- 
drical fonn, and about thirty inches in diameter, with a 
cast-iron end about two inches thick ; and the testimony of 
experienced engineers, both in this country and America, 
has invariably shewn, that such a species of boiler, when 
old and thin by long wear, has generally given way by a 
small rent ur fissure thruugh which the steam escapes, 
gradually taking off the internal pressure, and thus se- 
curing the passengers adjacent from the dreadful conse- 
quences which have frequently resulted from the explosion 
of cast-iron boilers similarly constructed.* 



• In those boilers thai are constantly Rmployed with sea-wa.ter, a great 
accumulation at salt takes ptaci; ; it is tlierefoie Docessaiy for ahips which 
perform lung vuyages to be provided ivilh two boilers, each of which 
should be capable of supplying the engine witli the necctaary quantity of 
steam. The pracike of adding about 1 pec cent, of potatoes to the hulk 
of water contained in a iteain -engine boiler, which hui been lungpractiisd 
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Passing from tbe boiler we urrive at the steam-ipipes^ 
which should be sniBciently capacious^ and as short as 
possible, to prevent too much exposure of surface to the 
atmosphere. They should pass from the upper part of 
theboiler to the steam cylinder, in a direction inclining 
upwards, so that any condensed water that forms in them 
may run back to the boiler, instead of getting into the 
cylinder ; consequently every boiler should (if possible) 
be set or fixed lower thah its steam-cylinder, and, in 
order the more effectually to prevent cond^isation, the 
steam pipes should be coated with hay-bands, or saw-dust 
and sacking, or some bad conductor of heat, particularly 
if they are long or much exposed to the air. 

The safety-valve being an object of considerable im-^ 
portance, both as regards the utility of the engine, and the 
preservation of those connected with its management, much 
attention has been given to its construction; and to this 
highly useful appendage we would particularly call the 
reader's attention; 

Hie first engine that was made by Captain Savery had 
a steel-yard saifety-valve, to let the steam fly off when it 
arrived at a dangerous d^ree of elasticity. The follow- 
ing figrire will furnish a sufficiently accurate idea of this 
simple apparatus. A, the top of the boiler ; B, the safety- 
valve or plug, made to fit air-tight in the tube or valve^ 
seat beneath ; C, the lever working on an axis at D, and 



^in this country, has been introduced into France, and merits the en- 
comium which is bestowed on it by M. Payen, in a letter to the editor 
of the Tour de Phar. He assigns the true cause of the beneficial 
agency of the root. The potatoe dissolves in the boiling water, forming 
a somewhat viscid liquid, which envelopes every particle of the precipi- 
tated calcareous salt, (usually sclenite, sometimes carbonate of lime,) 
renders them slippery, so to speak, and prevents their mutual contact 
and cohesion. After a month*s scr\ice, the boiler is emptied, and new 
potatoes added along with the change of water. 
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furuteiipcl Willi a moveable weight, E, adjusteJ to balance 
the pressure of the steam. 




When Bteam of consiiierable elasticity is required, the 
weight is placed at the extremity of the lever, and as such 
acts with greater effect on the safety-valve than when re- 
moved to a point nearer lo the axis on which it revolves. 
So that should low-pressnre steam he required, it will 
only be necessary to remove it nearer the axia or centre^ 
and vice versa. 

The lever and balance-hail which fonn this Apparatus, 
would at all times he effectual were they not liable to be 
fastened by the corrosive nature of the materials of which 
the valve is composed, nnd, what is worse, their pressure 
altered by the addition of more weight. This, however, as 
too frequent experience has shewn, is continually the case, 
the engineer having more regard for tlie full performance 
of bis machine than tor his own safety or life ; and to the 
overioadiu^ of this valve, these accidents may be prtnci- 
|)a)ly attributed. 

To prevent a recurrence of the mischief which first 
^Irew the attention of the legislature to this important part 
of the engine, and to which we have already referred, 
tinder the head of Steam Navigation, it appears advisable 
to incto«e the safety-valve in an iron box, and so put it be- 
ycnd the control of the engine-man. 

The annexed figure represents an inaccessible safely- 
vaJve, calculated to answer all the purpoaeg for which it. 
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JA intendetl. namely, the preservatiun of those employed in 
the neighbourhood of the boiler, and econ<imy in the use 
of slenm. 




4 



k 



In this, as the preceding' dia;^m, A represents the > 
boiler, and B the safety-valve, furDishcd with a small up- 
right stafF, on whirh slide the additional weights C C C. 
The whole ia iitclosed in a box B, pierced with holes to 
allow the steam to escape after it has raised the valve B. 

Should high-pressure steam be wanted, it is necessary \ 
only to increase the number of weights, and the desired 
effect is produced; or if, on the contrary, steam of thebi 
usual atmospheric pressure bo wanted, the whole of th^l 
weights may be taken off. 4 

The safety-valve iaventod by the Chevalier Edelcrautz^J 
lias nearly the same properties as that eniployet! by Mr_J 
Woolf. It consists of a small brnss cylinder which is fixedfl| 
on the boiler, and fitted with a piston made to descendfl 
with its own weight when raised by the pressure of the^ 
steam. The lower part of the cylinder being made to^ 
communicate with the boiler ; the upper part is closed by ~ 
a small cover screwed on to it, and perforated with a hole, « 
through which the piston-rod passes freely, which serves ^ 
the double purpose of keeping the piston perpendicular, ■ 
and preventing it being blown out. The sides of the cylio 
der are pierced with a number of small holes, placed in 
succession at a short distance above each other, so that the ^ 
open space for the steam to escape, increases wit^^^J 
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height of the valve, and is ultimately enlarged so as to 
prevent any danger of explosion. The piston-rod is also 
furnished with a n^niber of weights, fitting loosely on a 
small shoulder, similar to those employed in the conmion 
hydrometer; and these may be removed or increased at 
pleasure. 

Another advantage likely to result from the adoption of 
this safety-valve is, the facility with which it may be em- 
ployed to regulate the fire of the «team-engine furnace to 
the intensity of the elastic vapour required. This may 
readily be effected by a reg^ister pressing on the top of the 
safety-piston, and connected with the apertures for the 
admission of air, which, by mcreasing or decreasing the 
supply of oxygen, will produce a proportionate result on 
"^e steam generated in the boiler, and consequently effect 
^i considerable saving in the expenditure of fuel. 

Another safety-valve, opening internally, has, we be- 
Xiieve^ also been added by Messrs. Boulton and Watt, 
lil'bis is of great utility, more particularly in large engines, 
^k& it prevents the sides of the boiler being crushed in by 
jt:lie sudden introduction of water, or any artificial conden- 
iar^tion that may take place from reducing the heat of the 
J>oilerf<head, 
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Savery^g Engine improved by Poaiififx* — AtmQgpheric 
Engine. — Singles-acting Engine^ by Bcmlton, and WatU 
— Murray and Wood's Engine. — HighfT€$9wre Engine^ 
— Locomotive Engine. — Maudslay^s Portabh Engine* 
— Masterman^s Rotatory Engine. — Smokemcamnming 

. Pumaces. 

The Engine invented by Savery, and improved by 
Pontifex, possesses consideiAbie advantages over the 
Marquis of Worcester's apparatcus and it is probable that 
the extreme simplicity of this engine will, when better 
known, bring it into more general use. With this view 
we have selected it as the subject of oar first plate, in 
preference to the original engine, the principle of which 
has been already very fully explained. The apparatus we 
are about to describe, was originally erected for the City 
Gas Works. 

Plate I. Fig. 1 and 2. represent front and side elevations 
of the cylinders, and connecting apparatus. 

Fig. 3. A back view, with section through the cistern 
and buckets. 

Fig. 4. and 5. Vertical and horizontal sections; the 
latter commencing at the dotted line a a, Fig. 1. 

Fig. 6. and 7. Side and end view of the waggon 
boiler. 
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b ft. Figf. 1.. Two steam cylindeni connected by. cross 
tubes at c c^ in each of whicb a yacuum is alternately 
formed by the condensation of elastic vapour, conducted 
from Gie boiler by the bent tube dj and admitted to the 
steam-cylinders by. means of the sliding-valve e» 

ff. Fig. 4. Two tubes perforated with small holes for 
the admission of steam and injection water, the latter of 
which is distributed by falling on the strap g. 

A. The suction-pipe proceeding to the bottom of the well, 
which in no case ought to exceed from twenty-eight to 
thirty feet in depth; so that a vacuum being. formed in 
the copper veaKLs h i, the water will be raised by the 
pressure of the atmosphere, and passing up the tube A will 
take the place of the elastic vapour. 

1 1. Two valves placed at the upper end of the suction-, 
pipe A, which allow of the upper passage of the water from 
the well, but prevent its return. 

j j. Two similar valves opening . into the air-vessel 
A, to which is attached the nozzle /, serving to convey 
the water from the copper vessels to any required point. 

M. The injection tube, frirnished with a valve at o, and 
intended to convey water from the box », to the taper 
tubes/f. 

p. Stop-cock to regulate the supply of condensing 
water. 

q. Tube passing fitmi the bottimi of the cistern n, to 
the injection tube m, and furnished with a stop-cock 
at 8. 

The quantity of water in the cistern r is r^ulated by a 
floating valve ^, which in Fig. 3. is represented immedi- 
ately over the pipe 9, so that the -valve is opened what- 
ever the water rises beyond the required depth. 

u tt. Two tubes communicating with the back part of 
the chambers n w, and the inverted vessels v r, each tube 
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beings fitmidied with a Talve at to li> admit thawiter from 
th^ diamber to the Irackets xx. 

XX. Two buckets suqieiided by rods, and a chain paa»- 
iog ower the wheel 2, which 10 fixed on die and ci die 
axis Sy and supported by a bracket 4. From the other 
end of the axis 3 projects an arm 6^ prorided widi a 
studT. 

9. Is a yiew of the horizontal axis turning in a stuffings 
box at 10, on one end of which is fixed a pinion 11, which 
serves to give motion to the slidingundve e. 

To put this ei^^ in action, the steam must be .first 
raised to the bofling point, and. the nkwe or oock opened, 
which admits it to pass from the boiler to the pqpe dm One 
of the buckets must now be made to descend, whidi will 
open the sliding-Talye e, and admit the steam into tike 
cylinder 6, 1. The atmospheric air, which wHt thus be 
expelled from the cylinder, is allowed to pass through the 
Talye^* and nozzle /• The oth^ bucket must dien be di&- 
pressed, and by its action upon the slidii^-ndTO it will 
open a communication for the injection water dnrongh the 
pipe q 9, which passing down the perforated tube jf will 
immediately condense die steam, and .form a TacmDn in 
the vessel. The whole pressure of the atmosphere beii^ 
now removed fitrtn the suction pipe A, die water will rush 
up to restore the equilibrium, and the vessel b being filled 
wiU furnish a supply at die bent-tube /• 

Ibving examined the ai^n of one-half of the apparatus, 
we may suppose the same effect to be produced on the 
opposite side. The -steam wiH, in the first instance^ be 
admitted by the pipe c, and a communication afWwards 
opeiied by means of the didii^f-valve with the condeming 
water, which by reducing the steam to its orig^inal bulk 
will form a vacuum, and the water will again ascend as in 
the first vessel. 



GENERAL DESCRIPTION. 



1* 



The stop-cock y nmsX now be opened, and tbe buckt-t a; 
first described made to descend, which will remove the 
slidin^-valvee to its original position, and admit the steam- 
to the upper part of the first vessel, which will depress the 
water, and cause it to flow through the valve ;' and nozzle /, 
while at the same time the water will pas» through the 
tnbe u n, in which tlie valve to is inserted beneath the in« 
verted vessel v. The water will continue to enter the 
bucket X till its increasing; weight causes it to preponde- 
rate, and turn the sliding- valve e in the opposite direction; 

Sfaonid there not be a sirtHcient supply of wnter in the 
cistern rr far the purpose of condensing tbe steam in the 
large vessels, the stop-cock p must be opened, and an 
additional supply of water will then be furnished trou) tim 
chambers n n by the tube m, and in the event of the bucket 
not bekig depressed at the instant that tlie water is ex- 
pelled from the chamber n of the vessel ft, the steam will 
paBs through tbe tube u u, and act between the under side 
of the fixed inverted vessel r, and the surface of the water 
in the moveable bucket x, the descent of the bucket being 
accelerated by the repellant force of the steam, so that by 
tlie alternate action of the buckets x x, the motion of thfl 
engine is rendered continuous. 

I| appears that each steam-vessel in the Migine employed 
at the City Gas Works, contains about thirty-six gatlona 
of water, which is raised about twenty-eight feet tliree 
times every two minutes; one bushel of coals, or two of 
coke, serving the boiler abotrt two hours and three- 
quarters. 

The Almospieric Steam-entfiae, which is neitt in ths 
order of invention, is now but little employed ; indeed, if 
we except the minii^ districts where it is occasionally 
seen connected with the pimips for raising water, thia 
species of engine is of very rare occurrence. Tbe great 
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merit of Neiroineo's etagm coMiaigdy » we have ahedly 
neiiyiii aeparatii^ the parte m wUdk the ■taen was t» 
act, firom those m which the water WM to be raind ; ateeei 

« 

beii^ employed merely ibr die parpoae off J i n i larin y Ae 
air, and then forming' a mcoBBii by condewti— ; 

In this engine, steam of modeiate expansive force is 
generated in die boiler a, Pbie ILbydie action of the fiie 
in tbefiumaceA. 

c. The steam-pipe, throogh which the elastic Tapoar 
passes to the cylindercil 

d. The cylinder, finmisbed with a pli^ or pirton, made 
to fitah>dg^t by means off a packing of hemp or any <ilhcr 
ebstic materiaL 

e. The piston, connected with die woriuiqpJieBm y by 
means of a flexible chain and rod. 

Ji The working4>eamy or lever, supported on die 
axis jjT. 

A. The pnmp-rod, by the alternate elevation and dei^ 
pression of which the water is rabed to any reqiiiredl 



u Injection-pipe^ connected with the cdld water cistern 
at kf and famished with a small branch pipe l^ to wofflf 
the upper side of the piston with water* 

m. Ediu<^iippipe, flimished with a valva at% to pre- 
rent the retom of tlie water from, the hot-well o. 

p^ Waste-pipe, to conduct the superfluous water fircMn 
the top of the cylinder to the hot-welL 

q. Injection and steam-cocks, alternately opened and 
shut by the plug-frame r, so that when the steam-pipe e 
is open to the cylinder, the connection- with the injectidn 
cistern is closed, and vice versa. 

8. The feeding-pipe, to supply the boiler with water, 
furnished with a cock at /• 

v« The suifting-valve^ by which, at every ascent of the 
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piston, the air extricated Iroin tlie condetisiiig water is 
driven out by the pressure of the steam. 

a- n. Two gauge-cocks, connected with pipes passing 
into the boiler, the one longer than the other, to ascertain 
the depth of water. Should mie of these furnish steam 
and the other water, the latter may be considered at the 
required height. Btit if on the contrary both give steam, 
or both water, it is too high or too low. 

m;. Forcing-pump, worked by the main beam, for the 
supply of the injection-cistern, with which it communis 
cates hy means of the pipe x 0*. 

When the atmospheric engine is set to work, the boiler 
must be filled rather more than half full of water, and the 
steam having attained a pressure of about one pound on 
each square inch of the boiler, the pump-rods will pre- 
ponderate, and the piston be drawn to the top of the cy- 
linder. In a few moments the elastic vapour will be spen 
to issue from the suifting-valvev, and the communication 
with the boiler being then closed, the injection water must 
be admitted, which condenses the steam, and of course 
forms a vacuum beneath the piston. The downward pres- 
sure of the atmonphere being now unbidaneed by any re- 
sisting medium beneath, acts upon the piston with a force 
proportioned to its area, and it is made to descend with 
considerable velocity, at the same time raising the 
pump-rods h to connected with the opposite end of the 
beam. 

In adjusting the working beam, it is necessary to allow 
the end connected with the pump-rods to preponderate* 
and thij! is accomplished by means of a moveable counter- 
weight. When an engine is erected on a mine, where tlie 
depth of the shaft is continually increasing, the quantity of 
, -water first lifted by the pumps being small, tlie engine 
must work slow, and the counter-weight be in proportion* 
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allawnnce being made for the lightness &f the pinnp<4X)d8t 
which increase in weight with the progretB of the mine* 
In the early stages, however, the i^fectiQii must be very 
sparingly applied, so aa to condense imperiectly within 
the cylinder, or the piston will descend with anch r^ecity 
as to destroy the whole apparatus. 

The boiler of Newcomen's engine was placed immedvi 
ately beneath the cylinder; biit this anfang^neat bas^ ia 
the later engines, been materially <|npro¥e4; tb^. bafter 
being wxw detached from the engine-room; and by this 
plan a considerable saving in the height of the enginf^hooss 
is also effected. 

We have already fiftated that Mr. Wattes great impfovof 
ment consisted in oom'denajng the steam in a separalte^ vetr 
eel: the internal part qf the cylinder bdngl^ept at the 
temperature of boiling wal»r» 90 that the ctmtii)ued waste 
of steam, and consequently of Aid» that ocevared by foUnvk* 
iiag a Tacuiun beneath the pistm in the atmospheric oiginai 
was m thw case avoided. 

!7be nature of this impvovemevt will be best understood 
by reference to the Sinkglfimoeiit^ Enffine^ that fyram t))» 
subject of Plai« III. in which a repre«eato the boilerjL fiH 
clusad in a caaing of fariiek worlu. . . 

A. The steanwpipe, connecting the cyKuider o with the 
boiler. 

c.The cylinder, firnly attached .to the floor of the 
engine-room by the bolts d c/, and having its upper end 
enclosed by the cap e, throng^ which the pii^oii|Hrod is 
made to work air-tight. 

y* ff. The beam, working on its axis or fulcrum at K 
the socket hi which the axis revolves nesting on the floor 
and wall t. 

j. The punip-irod, suiqpended at the ehd g of the work- 
ing-be^[ih«. 
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' k. The piston-rod, connected by the Jiairallel tnotioQat 
^with the workiiig;-beam_/"(7. 

m. The condensina; cistern, containinc^ the air-pump w, 
the tM^ndenser, and hot^weH o: a continued supply <^ 
water being procured by the action of tlie cold water 
pump p, while the overHow is carried oft" by a waste pips 
to the Well q, bo that nearly the Avliole of the external part 
of the apparatus is kept at (he same temperature as tlifl 
sumninding; atmosphere. 

r and s. "Hie upper and lower steam-rakes. 

*. The exhaustion- valve, 

V. The plug-beam, furuished witli pins to give motion 
to the levers actings on the valves rst. 

V, A pamp, to raise water from the hot.well o to supply 
tbe boiler, which is effected by the pipe tc ir, the small 
cistern a; being provided with a valve and lever furnished 
with a wire passing down to the boiler at i/. The lower 
end of the wire is attached to a weight, which by its de»« 
cent opens the steel-yard ralre, and allows the admission 
of an additional supply of water when evaporation rendeit 
it necessary. 

T, The man-hole, or aperture, formed in tbe top of the 
boiler, by opening tbe cap of which tbe necessary cleaning 
nnd repairs are effected. 

The single-acting engine (to which we have thus briefly 
referred) is merely employed to raise water; the steam 
acting above the piston, while a vacuum is formed be* 
neath. A more minute d^cription of the very compact 
double-acting engine of Messrs, Fenton, Murray, and 
Wood, will best serve to CKplain the itilenial mechanism 
and mode of working one of these gigantic maclijnes. 

Before, however, we proceed to an exainiitation of its , ■ 
internal mechanism, it may be advisable to take a brief 
view of the general art^ngeuient of ils parts as exhibited 
in an engine of twenty-horise-power erected ut Leeds. 
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PbtieVt.AAA. FomdktmiinlUminMuiimj^ibe 
building on which the engine is erected* 

B. The steam-cylinder, enclosed in a jacket or canng 
of cast h^n, to exclude the atmospheric air firom the 
cylinder, which is thus kept at the temperature of boiling 
water. 

CC. The pipe which conducts the steam from the 
boiler to the yalve-tabe DD. 

£E. The eduction-pipe leading to the eopdeoser F, 

G» The air-pump, which with the condenser F is hn- 
mersed in the cold-water cistern H. 

L The cold water pump, which supplies the cjvlem H 
by the pipe J. 

K. Hie hot-water pump, fumidied with the pistim«4rod 
P, the upper part of which is omnected with the woriungw 
beam at Q, so that at each elevation of the beam a quantity 
of hot water is finmished to supply the waste by OTiqponw 
tion» 

L. The piston-rod, connected with the parallel motkm 
MM. 

NO. Two rods, attached to the opposite ^ids of the 
wcn^ingJbeam, and connected with the air and cold-water 
pumps I G. 

Q. The working-beam, supported by the cast-iron 
column R. 

S. The eonnecting-iK>d^ the lowm* part of which is al« 
tacfaed to the crank T, while the other isdevated or dei* 
pressed by the altemate motion of the working-beanu 

U. A spur-pwbeel, attached to the crank-shaft, and 
working in a pinion V, by which it gires motion to the 
fly-wheel W. 

X YZ. Three bereled wheels; the first of which is at- 
tached to the crank-shaf^ and by the intermediate wheel 
and shaft gives motion to the third, which by a concentric 
I'oller moves the valves. 
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Tlie parts of tbe engine we have tbus brieflj noticed, 
difler but little from the ordinary double-acting engiae of 
Messrs. Boulton and Watt; and it will be necessary to re- 
fer to the enlarged scale on the following plate for a more 
accurate description of the working of the valv'Cs, &c. 

Plate V. Fig I and 2, represent sections of tbe steam- 
pipes, valves, and conuDunicating rods. 

C. The steam-pipe, furnished with a throttle-valve at a, 
to regulate tbe supply of steam to the engine. This is ef- 
fected by the action of tbe lever 6, and connecting-rod c, 
which communicates the action of the governor ^9 to the 
valve a ; while a rotatory motion is communicated to the 
axis of the governor, by means of a band passing from a 
pulley on the crank-shaft to a similar pulley on tbe axis 
of the governor. 

e e. Two bent levers passing through a slit in the 
middle of the spindle, and turning upon an axis at^ The 
upper part of the spindle is furnished with a socket h, 
which is allowed to ascend when tbe centrifugal force of 
Ae governor increases. Should, however, its motion de- 
crease, the balls jj will descend, while the socket A will 
ascend, and with it the lever /. 

c. A rod connecting the levers / and b, which by their 
joint action communicate the motion of the governor to tbe 
throttle-valve a, so that when the engine is nt rest the 
balis/y will also be resting against tbe arms k k, the up- 
per end of the levers ee will be brought nearer to each 
other, and tbe rod c being raised, tbe throttle- valve will 
be turned in a horizontal direction, thus allowing a large 
portion of steam to pass through the pipe C. 

D D. A pipe connecting tbe top and bottom of the cy- 
linder with the throttle- valve a. 

E. The eduction-pipe, passing down to tbe condenser. 

The valves n o have each a cyliadrical tube or spindle 
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pAMin^ thnmgli the stuffing-boxes r and «, tu the iipper 
end of wliich are screwed two other stuffing-boxes t and w, 
so that both valves are allowed to slide up or down with^ 
Qot permitting- the steam to pass. 

p q. Two other valves shnilar In n o, whose spindles 
pass throng'h the stuffing:-boxcs t w. 

Fig. 2. is a front view of the two sliding bare which 
tre intended to give motion to the valves nopq. These 
bars are kept in a perpendicnlar direction by the pieces z z, 
and the guide 1, In tlie lower ends of (he bars are two 
friction rollers 3 3, which are acted nponby thetwo eo 
centric wheels 4 4, and raised and depressed altematelj' 
by the upward and downward stroke of the en^pne. 

The horizontal shaft Z derives its motion from a similar 
shaft Y placed at right angles, communicating by mcHDa 
of beveled wheels with the crank-shafit. 
' 9, 10, 11, and 12, are four arms, fixed to the bars v v, 
and w w, for the purpose of moving' the valves. 

13. A lever or handle revolving upon a stud screwed in 
. the pipe E, which, by its action, is made tu open and shut 
the ^team-vaives when the engine is first set to work. 

18. A mercurial or barometer gauge for measuihig the 
pressure of the steam above or below that of the atuios- 
ffliere. One end of the barometer*gange enters the steam- 
pipe DD, while the other is open to the atmosphere and 
^iimished with a gauge. 

The conuniiuication between the barometer-gauge and 
(«eam-pipe may be closed at pleasure by tiie slop-cock 19. 
■In the lower or bent part of the tnbe is placed m quantity 
of mercury, aud it will be evident that upon opening the 
«Dck 10, the pressure of the steam endeavouring to pass 
by the pipe DD, will be counterbalanced by the pressure 
,»»f (he atmosphere. Should, however, the elasticity of the 
-- laleBtu exceed that of tlie atniosptiere, th« mercury will be 
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hiiset! ill tbe outer ieg of the gauge, and the difference in 
the altitude of the two colninns will show the working' 
power of the steani. When the altitude of the culnmn IS 
exceeds that of 19 two inches, the pressure of the steam 
will exceed that of the atmoephere nearly one pound per 
sqnare inch. 

A nearly similar instrument is also employed to ascer* 
tain the degree of rarefaction in the condenser. It conuista 
of a bent iron tube 21, the lower end of which opens to the 
(^ndenser. The mercury is poured into the tube nt tlw 
Dpen end 23, and the stop-^ock 22 being' opened, the msF'* 
curial column at 23 will be depressed, while that on th« 
t)pposite side will be raised in a proportionate degrees 
This effect is produced by the vacuum formed in the con* 
denser. If the condenser and air-pump are in good order, 
the mercury will descend about fourteen or fifteen inchesi 
which will indicate a pressure of so many pounds upoa 
Uie square inch. So that if we refer to the two gauges, it 
will be found that the total amount of power, or acting ' 
force upon the piston, will be represented by the difference 
in the altitude of the two mercurial columns added to- 
gether. 

To put the engine in action, the fly-wheel W, Plate IV. 
must be turned till the crank T is in a horizontal direction, 
when the piston will be in the middle of the cylinder B, 
and the eccentric wheel 4 on the upper side of the shaft Z. 
The bar to w, will also be raised, together with the valves o 
and p, and the handle 1.3 beiu^ turned, a passage wil! be 
opened for the steam to blow from the pipe C, and lhu» 
expel the atmospheric air, which previously filled the dif- 
ferent parts of the engine. When this is effected, and the 
temperature of the engine raised, the lever 13 must be 
turned to its original situation ; the bar u v, together with i 
its valves, will descend, and the steam will be shut off ~ 
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froraihe Dpperilde of the cylinder f vbOe, at the'MiiM 
tone, the pam^ wfll Im atopped b^ween the under side 
of die piaton and the condenKr. The iBJecbo»«ocfc aaiut 
now be opened, whkh will admit a anall jet of Cold water 
into the condeiiBer, and a' Tacunm will be ftirmed above 
the pielon, while the steam ia enterin|r beneath with a pm- 
cure equal to or greater than that of the atmoaphcre. 

Hie pistoD-rod beii^ tbw made to aaccaxl in the cy* 
litider, the oppoaite end of the beam Q will be depicswd 
in a proportiooate degree, and the rod S, aa well as the 
crank T, irill alao descend, and a rotatory motioD be pro- 
duced. The fly-wheel will alao have acquired a aufficient 
degree of momoitum to canry die crank past the perpen- 
dicular, and the piston will have aitived at the lop of the 
cylinder; the situation of the valves being reversed by the 
action of the exc«itric wheela ; and a continuous motioa i« 
thus produced. 

The H^k^rrenure'Eiigime, in its most simple form, ataj 
eanly be decribed by reference to die following diagnin. 
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The cylinder A is furnished with a piston and rod B, 
the latter being; made to fit air-tig^ht in a stiifling-box at thq 
top of the cylinder. A four-way cock c is also provided 
for the admission of highly elastic vapour, and its guhs&> 
quent discharge into the atmosphere. The action of the 
fourway-cock will be best understood by the section D ; in 
which c represents the waste-pipe connected with the 
chimney, while two other apertures serve to convey the 
steam alternately \a the upper and under side of thQ 
piston, and a (bird communicates with the steam-boiler* 
So that if we suppose the piston to be in an ascending; di- 
rection, and the steam of course entering the cylinder be^ 
neath, a communication will at the same time be formed 
between tlte upper side of the piston and the atmosphere^ 
while the steam that had previously been employed to d&. 
press the piston is now allowed to escape. When the 
piston has reached the top of the cylinder, the cock ii 
turned, and its action reversed, the steam now entering 
above the piston, while a communication is formed for ita 
escape beneath. 

The remaining parts of the high-pressure engine, a« 
constructed by Messrs. Trevithick, may very easily be 
understood. The boiler consists of a large cylinder of 
wrought or cast iron, made very strong, and placed with 
its axis horizontally upon short feet or pillars of cast irouf 
the boiler has a flanch at one of its ends to screw on the 
end or cover, which has the requisite openings for the 
fire-door, the man-hole, the exit for the smoke, and the 
gauge-cocks. The fire is contained within the boiler in a 
cylindrical tube of wrought iron, which is surrounded 
with water on all sides; one end of this tube is attached to 
the end or cover of the boiler, and is divided into two 
parts by having the fire-grate extended across it; the firei* 
^p9y,„d,08es the, .opening ip ,(he, upper half» vlyfh, ii^ the 
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Mr. Woolf usually employs two safety-valves which art 
placed at B, while C represents the man-bole, and D thrf 
pipe by which the Bteam is conveyed to the engine.* A, u 
the water-pipe. 

lu Mr. Woolf's specification, a method is pointed oul 
for applying' this plan to the boilers of steam eng'tneri 
already in use, hy placing a series of cylinders beneath the 
present boilers, and coimecting them with each other, and 
with the boiler above. Tlie tubes may be made of any 
kind of metal, but cast iron is the most convenient; theit' 
size may also be varied, but in every case care should be 
taken not to make the diameter too large ; for it must be 
remembered, (hat the larger the diameter of any single 
tube is in such a boiler, the stronger it must be made in 

• These, as well as the flanches, and other steam-tight fastenings of ■ 
permuient nature, are nsually coimected bj screw-lmlts and nuts; a sheet 
cf woollen or linen cloth coaled with cement being first introduced to 
nnile tlie intervening surfaces. The cement beat adapted for this pan 
foae, from its durahilitj and power of witlistandiog the action of steam, 
maj be tbus prepared : — Talfc two ounces of sal ammoniac, one ounce of 
flour of sulphur, and sixteen ounces of cast-iron filings ; these, after being' 
well mixed in a mortar, must be placed in a dij situation, and when 
wanted for use one part of tlie above mixture must be blended with 
twenty parts of clean filings, saturated with a little water. On beinB ap. 
plied to the joint It niU shortly beconic as bard aa the metnllic surface un 
which it is placed. 
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proportiuD, to enable it to bear the same expanaire force 
of steam as the smaller cytuiders. It » not essential, how 
ever, to the invention, that the tubes sliould be of different 
sizes; but the upper cylinders, and more especially the 
one which is called the steam-cylinder, should he lar^r 
than the lower ones, it beins^ the reseryoir, as it were, into 
which the lower ones empty themselves. 

The following general directions are given respectinsf 
the quantity of water to be kept in a boiler of this con- 
struction ; viz. it ought ahvays to fill, not only the whole 
uf the lower tubes, but also the great steam-cylinder. A, 
to about half its diameter, that ir^, as high as the fire is al- 
lowed to reach. And in no case should it be allowed to 
get 80 low as not to keep the vertical necks, or branches 
which join the smaller cylinders to the great cylinder, full 
of water, for the fire is only beneficially employed when 
applied, through the medium of the interposed metal, to 
water, to convert it into steam; and indeed, the purpose 
of the boiler would in some measure be defeated, if any of 
the parts of the tubes thus exposed to the direct action of 
the fire, should present a surface of steam instead of water, 
to receive the transmitted heat; this, however, must, more 
or less, he the case whenever the lower tubes, and even a 
part of the upper, are not kept filled with the water. 

Respecting the furnace for this kind of boiler, it should 
always be so bnilt as to give a long and waving course to 
the flame and heated air, so that they may, in the most 
efTectnal manner, strike against the sides of the tubes 
which compose the boiler, and so give out the greatest 
possible portion of their heat before they reach the chim- 
ney: uuless this he attended to, there will be a much 
greater waste of fuel than necessary, and the heat com- 
jQUuicated to the contents of the boiler will be less from a 
given quantity of fuel. 
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Mr. Mandfllaj, in his PoriaMe Engine, dispenseB with 
the beam wmally employed ibr comiectiiig' the fly-wheel 
crank with the piston-rod ; and, in this respect, as well as 
in the workings of the valves, his engine materially difiers 
from those we have already described. 

Plate V. Fig. 1. Front elevation of a ten-horse-pawer 
engine. 

Fig. 2. Longitudinal section of ditto, on thir ventre line. 

Fig; a End view of ditto. > »' '.t'i 

A. Cast-iron frame of the engine. '■''''* '• • > ' ; '■•' 

B. The cylinder. -■:'••■ " ;*»' • »« 

C. The piston, famished with a rod D, «ni <if'4lPMI 
head and socket E. • : <*^ '' j "oL 

F. Guide wheels, which keep the piston and'fM4i'>s 
vertical position. !'>in ''' 

6. Frame for ditto, in which the wheels F F are mda 
to work.. 

H. Side rods, which serve to connect the cross head B 
with the double crank I L 

II. Two <ntuiks, made to tmm in the plummer-block, or 
bearing, J J, at each side of the frame, and to which die 
fly-wheel shaft K is connected by a coupliu^Jiox or 
clutch, at the end next the engine. . 

K. Fly-wheel diafl, working in a plummer-block on 
the wall. 

L. Coupling4>ox, connecting the engine fly-wheel shaft; 

M. The fly-wheel. 

NN. Two excentric wheels, supported by the crank-i 
shaft K, the action of which give motion to the two beams 
O and T, by means of the connecting-4*od6 PP. 

Q. The beam which works the cold-water pump S» 

P P. Two connecting^rodsw . . 

Q. The double bearmg, on which the cold-water pnmp^ 
beam works. 
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IL A rod which serves to connect the bucket of the 

^*water pump with the beam O. 

jP« The barrel of the cold-water pump. 

PT, Beam which works the air and hot-water pumps, 
m. to which motion is communicated by the connecting- 
{Kb P, as before described. 

HJ. The slings which connect the air-pump rod to the 
of the beam T. , 

"V. The double bearing, or centre, on which- the air- 
p beam T works. 

W. The air-pump bucket. 
^ X. Air-pump cylinder. 

p^ Y. Hot-water pump, worked by a small rod, attached 
■D the air-pump beam. ^ 

f Z. Feed-pipe, to supply the boiler with hot water. 
^ a. Cross-rail on which a guide is fixed to confine the 
li^ir-pump rod in a vertical position. 
y b. The condenser. 

f e. The cold water cisterns, connected by a pipe d. 
. : 6. Eduction pipe, or passage for the steam from the 
cylinder to the condenser. 

f- y. Injection cock, to admit the cold water into the con- 
[deitser. 

"' g. Foot-valve, at the bottom of the air-pump, and com- 
municating from thence to the condenser. 
' h. Hand-gear, for stopping or starting the engine. 

f • A rod connecting the hand-gear with an excentric 
piece k fixed on the cratik-^haft; the action of which com- 
municates a vibratory motion to the rod u 

/• Connecting-rod, and double-ended lever m, fixed at 
the extreme end of a spindle, while a beveled wheel is at- 
tached, to the other; the latter of which works the spindle 
of the steam-cone n, 

o. The steam-cone, or cock, for admitting the steam 

M 
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■from the boiler to (he cylinder ; beyond which is a con- 
trivance for shutting off the eteam, at the half, or 'any 
other part of the stroke, by which a very considerable sav- 
ing in the steam, and con^(;|uentIy in the fuel, is effected. 
It will very readily be seen, that the cone employed in 
this engine, fur regulating (he passage of the steam from 
the boiler to the cylinder, differs very materially from the 
valves in Messrs. Murray and Wood's engine, and a 
slight examination of the sectional view in Plate V. will 
shew that the greater degree of friction that must of ne- 
cessity attend the former contrivance, is more than com- 
pensated by its superior tightness and simplicity. 

A. represents an end vieiv of the cylinder and steam- 
cone. 

B. Side view of ditto. 

C. Plan of ditto, taken at the horizontal line D. 

E. Steam-pipe. 

F. Pipe, communicating with the condenser. 

G. Steam-cone, ground into its seat, and connected with 
the grease-cup H, by the means of which a regular supply 
of oil is furnished. 

I, Plan of the steam-cone and passages, by which a 
communication is alternately opened between the steam- 
pipe and the upper end of the cylinder, and the condenser 
and the lower end of the cylinder, and vice verm. 

When we consider the reciprocating steam-engine in its 
present must improved state, both with respect to the ad- 
mirable expedients for adapting it to the end proposed, 
and the skill displayed in the workmanship, we may almost 
venture to conclude that it has reached its utmost degree 
of perfection; and yet it must be acknowledged, that it 
absorbs nearly half the power of the steam employed io 
friction, and in alternating its movements. This fact will 
be apparent by calculating what pressure on the piston of 



/ 



I 



GENERAL DESCRIPHON. 1»1 

a reciprocating coiideastng engine would be required tofl 
produce it'^ nitminal power; and it will be generaUy 
found, that (witli the common speed) this will be obtained 
by accounting only from six to seven pounds pressure, per 
square inch, on the piston of small power engines; seven 
to eight pounds as to engines of from ten to thirly-horse 
powers; and from eight to nine pounds as to engines of 
larger powers, though the actual pressure on the piston is 
about sixteen pounds. 

We have seen, that steam engines were, in the first in-^ 
stance, used for raising water, for which purpose the al^ 
temating motion of the beam is well adapted ; at present^ 
however, by far the greater number of reciprocating steam., 
engines are required to impart a rotafory motion to die ' 
machinery attached to them. ' 

The loss of power, to which we have already alluded, 
together with the expense of the construction of the reci- 
procatins^ engine, have induced numerous attempts to in- 
vent an engine imparting a rotatory motion in the first 
instance; and the recent application of this prime mover 
to the purposes of navigation, has also acted as an ad- 
ditional stimulus to the attainment of so desirable an object, 
the inconveniences of a reciprocating engine being most 
sensibly felt in steum- vessels. Hitherto, however, those 
attempts have been attended with only partial success; for 
though many patent inventions have come under our ob- 
servation, the principal of which will be found in the Ap- 
pendix attached to this work, they have altogether failed 
in attaining any decided superiority over the reciprocating 
engine, either from excessive friction, or the expense and 
nicety of workmanship required both in their construction 
and repairs. 

Those difficulties appear to be partially obviated 

Messrs. Masterman's Rotatory Engine: (he entire fric 

m2 
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tion of one of tbose engines (without a condenger) hav- 
ing been proved, from actual experiment, not to exceed 
half a pound per square inch on the valveis; the expense 
of construction being very considerably less dban that of 
reciprocating engines, particulariy in the larger powers, 
and the extraordinary simplicity of its ports securing it 
from almost any expense for repairs. For sCeam navigation 
it appears admirably adapted, and when used with mer- 
cury instead of water, combines, in «i eminent d^ree, 
economy of space and fuel. 

Plate VIIL Fig. 1. is a vertical and central section of 
the revolving part of the engine, called the troke, which is 
composed of a centre a, called the nucleus, of six hollow 
arms ft, 1 to 6, called radii, and of a hollow ring c c, called 
the annul us. 

Fig. 3. represents the nucleus ; one end m is a perfect 
circular plane, called the face ; six holes of similar fijgnre 
and dimensions are sunk in the face at equal distances 
from each other, following a direction parallel with the 
axis 6, until halfway through the nucleus, then, afMiifning 
a direction at right angles with the axis, they open in the 
periphery of the nucleus. 

The axis passes through the centre of the nucleus at 
right angles to the plane of the face. The annulus consists 
of six equal parts, in each of which is fixed a steam-ti^t 
valve, exactly similar, and opening in the same direction 
by a hinge placed in the side of the annulus nearest the 
axis. 

The rods which form the hinges of the valves, project 
through stufiing-boxes in the side of the annulus ; and on 
each of these projections is placed a lever, at such an 
angle with the valve as to point to the axis when the xalve 
is half open ; and at the extremity of each lever is a 
weight df, more than sufiicient to counterpoise the weight 
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of the valye against which it acts. In the side of the an- 
iiultis nearest the axis, are six Iioles at equal distances 
from each other ; these holes are connected with the holes 
opening into the periphery of the nucleus by means of the 
hollow radii b, 1 to 6, thus forming a steam-tight commu- 
nication between each hole in the face and the inside of 
the annul us. 

Fig. 4, is a section of a metal plate or raaek, which is of 
equal diameter with the face, having one eido ground 
perfectly fiat. 

Through the centre of the mask is a circular hole e to 
admit the end of the axis. In the space surrounding this 
hole there are three other holes, p, i, and /. The holes i 
and / are each of such dimensions as to extend over one of 
the holes in the face and the adjoining space; and the 
space in the mask between the holes i and t is of such di-, 
niensions, as just to cover completely one of the holes in 
the face. 

The holes p i and / terminate in lateral apertures, as re- 
presented in Fig. 5. The hole / is connected with the 
boiler by a steam-pipe; the hole t with the condenser, if 
one be used, or discharges the steam into the air. To the 
hole^ is fixed a perpendicular pipe, rising above the level 
of the troke. 

The mask does not revolve, but is kept closely pressed 
against the face by means of the nuts and rings. Fig. 6. 
which are fixed on the end of the axis e; and it is main- 
tained in such a position, that the space between / and i is 
just above the level of the centre of the troke, and on the 
side of the axis nearest the closed valve in Fig. 1. 

Fig. 2. is a section on the plane of the axis of the troke 
mounted on its axis, together with the mask applied to the 
lace, and of a reservoir k at the top of the pipe h, for snp- ■ 
plymg the inferior of the annulns with water. To the end 



of the axis farlbest from the face, the mMrfaineiy to which 
it is proposed to impart motion ia affisetl. 

Hie ea^^ine is worked hy steam and water as follow!). 
The annulufl is in the first place half filled with water, 
either admitted cold, and healed by suflering; the steam to 
flow into it through the pipe e, or admitted in a healed 
stale front the boiler. On ihe steam valve being opened, 
the steam enters the hole / in the mask, Fig. 4. through 
the pipe I, Fij^. 5. and passes thence through the hole in 
the face which happens to be opposite lo the aperture m 
the mask, and enters the anoulus ; then rising throngh the 
water, it is slopped by the valve tf, immediately above the 
radius by which it entered, which will then be closed. 
The steam resisted by the valve, acts agaiust the surface 
of the water below it, and pressing it downwards, pro- 
portionably raises it on the opposite side of the annulus, 
until the pressure of the column of water acting against 
the closed valve, through the medium of the steam, is suf- 
ficient to overcome the resistance. The troke is now made 
to revolve, and, as it revolves, each of the holes in the face 
communicates in succession with the hole /, and, by this 
construction, one entire hole in the face, or parts of two 
equal in proportion to one, is always in communication 
with the hole /; so that there is a continual flow of steam 
into the annulus, causing the water, through its medium, 
to exert a constant and uniform pressure on the valves as 
they ascend. The holes in the face, as they pass in suc- 
cession from the hole / to the hole i arc entirely closed by 
the space between them ; and, immediately on communi- 
cating with the hole i, the steam rushes from the annulus 
through that hole into the condenser, or into the air; and 
the pressure of steam being thus removed from the valves, 
they will open by the gravity of the weights rf, as they 
begin to descend, aud thus allow the column of water lo 
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remain on that side of the annulus. Thus a uniform rota- 
tory motion is produced and maintained as long as the 
steam continues to flow into the annulus, and acting with 
a force proportionate to the difference of level in the water. 

In Fig. 1. the troke is represented as revolving, and the 
flteain flowing into the annulus, through the radius b \% f 
represents the steam in the annulus between the closed 
valve and the depressed sur&ce of the water ; g the water 
raised on the opposite side of the annulus, while the re- 
maining or darkest part of the annulus is where the valva 
and the upper surface of the water are relieved from pres~ 
sure, the steam having discharged itself through b 6. 

The steam may be admitted through a radius more or 
less horizontal, according as the column of water is higher 
or lower, by means of an inner mask, which changes its 
position ; the closing spot of the valves may also be regu> 
lated accordingly, by means of catches acting on their 
levers. The troke is of cast iron, and, to prevent conden- 
sation, it is enclosed in a steam-tight case. 

From this brief examination of Messrs, Maslerman's 
engine, it will, we think, be apparent, that the troke alone 
performs the united function of cylinder, piston, beam, 
crank, and fly-wheel ; thus ensuring a decided superiority 
over the reciprocating engine. 

The advantages resulting Irom the use of steam engines 
have, in some cases, been considered as fully equipoised 
by the smoke and noxious effluvia which proceed from 
their capacious vomitories; and this, in large manu- 
facturing towns, is indeed an evil of some importance, 
to obviate which a variety of contrivances have been sug- 



The first attempt at comuming smoke, appears to have 
been made by M. Dalesme, a French engineer, who ex- 
hibited a contrivance of this description at the Fair of St, 
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Germabe in 1685*« In 1785 Mr. Watt obtained a patent 
for the construction of an economical fomacey which not 
only consumed the smoke, but employed it as an useful 
auxiliary in increasing the heat* To understand this it 
will be necessary to observe, that the dense smoke which 
is usually discharged at the top of the chinuieyy is, in &ety 
so much good fuel, which requires but a sufficient supply 
of oxygen to render it fit for combustion. 

Mr. Watt accomplished this in his early engines by 
stopping up every avenue to the chimney, except such as 
might be left in the interstices of the ignited fiiel, and the 
smoke from the fresh coal was consumed by passing 
tfurough the burning fuel or coke. 

A variety of improvements have since be^i introduced, 
an account of which will be found in Appendix (B,) and 
we shall content ourselves, in the present instance, with 
briefly noticing those that appear best calculated to answer 
their intended purpose. 

Mr. Roberton's plan is nearly similar to that employed 
by Mr. Watt. The opening through which the fuel is in- 
troduced into the furnace is shaped like a hopper, from 
the mouth or entrance of which it inclines downward to 
the place where the fire rests on the bottom grate. The 
fresh coals contained in the hopper answ^ the purpose of 
a fire-door, and the principal point to be attended ti> in lihe 
management of this furnace is, that the hopper shall be so 
filled with small coal as to prevent as much as possible 
the passage of atmospheric air by the hopper. Beneath 
the lower part of the hopper the furnace is provided with 
front bars, which serve to admit air among the fuel which 
is undergoing the process of coking in the lower pait of 
the' hopper, and at the same time offers a ready tanode of 

* Vide TraasactionB of the IVoyal ^iety, vol. xvi. p. 78. . 
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forcing the ignited fuel thus deprived of its smoke upon 
the centre of the burning mass, where it is completely 
consumed, while an additional supply of Iresh coal falls 
doivii the hopper to supply its place. By tbis arrange- 
ment, and the judicious admission of a thin stratum of 
fresh air, by a valve placed near the mouth of the hopper, 
the quantity of smoke is considerably reduced, the whole 
of the fuel being brought into a state of ignition before it 
has arrived at the middle of the burning mass, and a suf- 
ficient supply of oxygen is furnished by the air-valve for 
the purpose of combustion. 

Sir William Congreve'a invention consists in the appli- 
cation of chalk, or any other calcareous substance con- 
vertible into lime by means of heat, as auxiliaries to the 
ordinary articles of fuel. This is effected by converting 
the furnace into a species of lime-kiln, in which the mass 
of he.ated coal is employed not only to heat the boiler, but 
calcine a large quantity of the above substance ; thus con- 
centrating and keeping in action a most powerful heat in 
aid of the ordinary operation of the fuel. 

The following is the substance of a series of experi- 
ments and calculations, made in the Royal Laboratory at 
Woolwich, which serve to shew the great advantages at- 
tendant on the adoption of this method. 

Thirty gallons of water were evaporated in seven hours 
by half a bushel of coal, weighing forty-two pounds, cal- 
cining at the same time one bushel and a half of lime. 
Thirty-four gallons of water were afterwards evaporated 
in the same time, without burning the lime, and required 
one bushel and a half, or 126 poimds of coal. These ex- 
periments were afterwards repeated, and the same results 
obtained. 

It appears therefore, from these trials, that half a bushel 
of coal, with lime, genemtee very nearly the same quantity 
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of steam as one bnihel and a half without Ae Imie* This 
however may be better illustrated by the following state- 
ment of the ccnnparatiFe expense. 

First erperiment. — Half a bufhel of coal 0*7 

One bushel and a half of chalk . 2 

9 



Second experiment, — One bushel and a half of coal . 1 9 

In the first experiment the lime produced by this species 
of burning may fairly be averaged at nine pence, so that, 
compared with the present mode, the saving on evaporat- 
ing thhrty gallons of water by means of the chalk, where a 
ready mode of disposing of the lime can be devised, is 
nearly Is. 9d. or the total expense of the fuel. 

Mr. Parkes employs an air-vajve, somewhat similar to 
that of Mc Roberton, though placed in a different part of 
the furnace ; and either of these plans, if properly managed 
by the fireman, would fully answer the end for whkb 
they were intended ; but unfortunately this requires a db- 
gree of mechanical skill and attention seldom found in this 
class of persons; and though the nuisance may be abated 
for a short time, or while the engine is under the immediate 
superintendance of the engineer, no very pennanirait benefit 
has yet been found to accrue. To remedy this, BIr. 
Brunton proposes to employ a mechanical apparatus ami- 
pletely beyond the control of the, attendant, whose atten- 
tion may in this case be almost entirely dispensed with. 
In Mr. Brunton's furnace the grsite bars are made. to 
revolve in ap horizontal direction beneath the boiler, .by 
which means the heat is uniformly distributed over the 
whole of its lower surface, and a regular supply of coal is 
furnished from a hopper above. 

To effect this the axis upon which the grate turns is 
connected with the steam engine itself; and for a boiler of 
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five feet diameter, it is made to perform about one revolu- 
tion per minute. Every time it arrives at a certain point, 
the channel from the coal hopper is opened ; and in order 
to prevent tlie air from passing down through the coal, 
the patentee in his specification describes a rim, upon which 
the regulator is intended to lay, descending into a trough 
for the purpose of forming a water or sand valve. There 
is also a regulator to the feeder, connected with the damper, 
so that if the boiler become too hot, or the pressure of the 
steam increase, the quantity of coal supplied should be 
diminished in a proportionate degree. The nature of this 
very ingenious apparatus will however be more fully un- 
derstood by a reference to the improved furnace, &c. 
erected at Messrs. Smith and Liptrap's distillery, Wliite- 
chapel. 

Plate VIII. A A. Waggon boilers, to which the supple- 
mentary boilers B B are attached ; the smaller or supple- 
mentary boilers being placed immediately over the fire, 
while the larger boilers derive an additional supply of heat 
from the passage of the chimney C 

D. Chimney doors, 

EEE. Hoppers by which the coal boxes FFF are 
supplied with fuel. 

FFF. Coal boxes furnished with sliding plates, through 
the openings of which the coals are allowed to fall on the 
ignited fuel. 

GGGG. Steam-pipes joining the waggon and supple- 
mentary boilers, 

H. Furnace door attached to the supplemeutary boiler 
by a cement joint, 

II, Doors opening into the air-flues, to assist in the 
combustion of the smoke, and to withdraw the dust that 
may fall over the edge of the fire-grate, 

K. Axis or spindle upon which the grate is made to 
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revolve ; the molioti being communicated direct from the 
engfine by the pinion and wheels L. 

M. Foundation plate, in which are formed the pivot 
holes for the axis K and the upright shaft N. 

O. Feed-pipes of the waggon boilers. 

P. Steam-pipe leading to the engine. 

Q. Pipe conununicating With the safety-valve V. 

R. Horizontal shaft ccMmnunicating wiA the vertical 
axis N, and also with the engine by which the whole appa^ 
ratus is turned. 

SS. Chains attached to the damper chains, by which 
the lever T is moved, and the wedge U made to rise or 
fall with the damper plate ; so that when the steam is in 
excess, it may diminish the supply of coals in proportion 
to that excess, and vice versa^ 

V. Safety-valve. 
' W< Self-acting stop-valve, to prevent the steam passing 
from one boiler to the other when two boilers are used. 

X. A rod connected with the lever Y, which by press- 
ing upon the stop-valve, closes the communication between 
the two boilers, when a reduced supply of steam is re- 
quired. 

Z. Gauge pipes to ascertain the amount of water in the 
boiler. 

a. Man-hole of waggon boiler, furnished with an inter- 
nal safety-valve 6. 
' c. Stone float within the boiler, 

rf. Bridge walls. 
' y! Sand trough, in which revolves a thin plate attached 
to the fire grate, to prevent the air passing in any other 
way than through the bars. 

h. The fire bricks surrounding the gmte bars. 
i A scraper attached to the grate, and, which revolving 
with it, cleans the air-flue. 
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Proin the above description it \v\\l be evideDt, that the 
^reat advantage arising; from the employment of this appa- 
ratus, consists in an equable supply of coal, and in the 
smoke arising from its combustion liaving to pass over the 
entire mass of burning fuel prior to entering the chimney. 
By these meam^ the greater part if not the whole of the 
smoke is consumed ; and it will be evident that the inflam- 
mable materials of which it is composed, will furnish an 
additional supply of valuable fuel, which would otherwise 
be thrown uuconsumed into the atmosphere. As, liowever, 
direct experiment is the only sure test, by which this, or 
indeed any project, can fairly be tried, we annex the re- 
sults arising from two experiments; the one made at the 
distillery of Messrs, Liptrap and Smith, Whitechapel, Lon- 
don, to whoso kindness we are indebted for the means of 
completing the above description, and the other at the Old 
Union Mil), Birmingham. 



At the OIJ Union Mill, Nine Days experiment. 
Common Fumnce conBinneil - 465 cwL 
Fire Regulator . ... 290 

TliP WliitediBiiel Distillery, Eighteen Days experiment. 
Common Funiace consumed - 284 buahela. 
Fire Regulator - _ . . 194. 



In the year 1813, the late Mr. Shelfield took out a pa- 
tent for air-couductors to his improved rcverberatory fur- 
naces, which, though it was not one of the objects of the 
inventor, had the effect of consuming the smoke, by con- 
' verting; it into flame. The air-conductors of Mr. Shetheld 
[ were afterwards directly applied to the consumption of 
I smoke by Mr. Wakefield of Manchester ; and i 
I cently, Mr, Johnson, brewer at Salford, has taken out a 
patent for a contrivance for the same purpot^, which is the 
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counterpart of Mr. Sheffield's air-conductor. Mr. John- 
sou's contrivance is represented in the accompanying dia- 
gram, whwe € is the ash-hole and fire-place ; a, the tube 




or leading part of ihe air-conductor; c the passage by 
which coals are introduced to the mass of burning fuel- 
TTie blocks of fire-brick or ii-on, at 3 A and^ are employed 
to secure a circuitous path for the inflammable materials 
that would otherwise pass directly into tlje chimney. The 
register I is furnished with a handle k to regniatc the sup- 
ply of air necessary for the complete combustion of the 
snmke. 



A brief historical view of the application of the steam- 
engine to the propelling of carriages, will be found at 
p. 42, and we now propose to furnish our readers with a 
graphic illustration of the apparatus by which this impor- 
tant desideratum in ihe useful arts is effected. 




We may in tlie first instance shew the form of a locomo- 
tive carriage, furnii^hed with a high -press lire engine, accu_ 
rately copied from the Lecture Room model, employed in 
the Aaderson's Institute. The general arrangement of the 
apparatus will be understood by reference to the above 
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di^nun, bat the internal mechanism will require a section 
of die engine to shew thoae parts in detail. 

In the annexed diagram, a is the cylinder ; b, the main 




steam pipe ; ,c, a friction wheel in the centre of the perpen> 
dicular frame, wfaidi mdces the piston move parallel. To 
the ends of the beam are attached two connecting rods, 
which work a double crank at the axis, where the motion 
is communicated by two wheels to the axle, g, to which 
the propelling wheels are attached ; ^ is a lever by which 
the valves are worked by the stud on the axis, and i; the 
two connecting rods which are attached to the end of the 
lever, work the valve piston, k; d ia the common tube 
slide valve, which is surrounded by «team, supplied frmi 
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tlie maiii-pipo, where it enters. Tbe lower tube repre- 
sented as open in (lie flg-urc, allows the steam to enter 
under the piston, which is forced up by the steam ; at the 
same time, the steam that was above the piston, eseapes 
dowD through the tube d, and is at once discharged into 
the atmosphere. When the engine is to be put in opera- 
tion, the furnace is charged with ignited charcoal, which 
soon raises enough of steam lo make the carriage move 
along- a rail-road with a number of loaded waggons be- 
hind it, round the Lecturer's table, on a circular road, 
eight feet in diameter. 

The preceding diagrams shew the general arrangement 
of the parts in a loeomotive steam-engine on a small scale; 
and where its velocity is sufficient to carry the whole ap- 
paratus along a path without the aid of a fly-wheel. lu 
the ordinary steam-carriage however, it is necessary to em- 
ploy two pistons working in cylinders connected with the 
same boiler, and as these act upon cranks at right angles 
to each other, any required momentum may be obtained 
without the machmery having its motion checked by the 
reciprocating action of the working beam. 

At the top of Plate IX. a view is given of a steam car- 
riage employed at Wylam Colliery, Newcastle, for which 
we are indebted to Mr. Hedley, an extensive coal viewer 
and mineral surveyor in that district. The boiler tr, with 
its connecting frame of wood and iron, is supported by a 
series of wheels, which rest on the roil road. The furnace 
mouth and chimney are placed at the same end of the 
boiler, the flame and heated air taking a circuitous path 
through the water. A coal-box, i>, is intended to supply 
fuel for the engine during its journey. 

The wheels cccc work into each other by means of 
their connecting teeth, so that when one pair of wheels is 



put in motion, the whole series revolvt 



ve on tbeir axis. 



Two 
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working' beams or leFers revdwe on axes at d^ and are 
attached by a doable parallel motion to tlie piston rods 
beneath. The piston e is now depressed, and the connecting 
rod y has poshed the crank into such a position, that it 
ceases to op&nAe effectually on the impellii^ wheel. A 
new impetus is now griyeu to the engine by the seccmd 
piston and working beam g, so that a continuoos rotatory 
motion is effected, and the carriage impelled forward. The 
motive for employing so many sappmting wheels, is to 
ensure a sufficient d^^ree of adhesion between the wheels 
and rail-road that supports them ; and also to divide the 
weight of the engine, and as such prevent its destroying 
the bars of which the road is composed. The safety valve, 
which is so essential a part of all steam-engines, is seen at 
hy and the rest of the apparatus will be sufficiently under- 
stood by a reference to our previous description of the 
engine. 

Messrs. William and Edward Cha|Mnan have obtained a 
patent for a mode of effecting the loco^notion of the en- 
gine, by means of a chain stretched along the middle of 
the rail road, the whole length, being properly secured at 
each end, and at stated intervals. This chain was made to 
wind partly round, or to pass over a grooved wheel, turned 
by the engine, of such a form that the wheel could not 
turn round without causing the chain to pass along with 
it. When this wheel was turned round by the engine, as 
the chain was fastened firmly at the end, it could not be 
drawn forwards by the wheel, the carriage was therefore 
moived forward in the line of the chain. 

The carriages containing the goods were attached to the 
engine-carriage, and thus conveyed along the rail road. 

At intervals of every eight or ten yards, the chain was 
secured by means of upright forks, into which it fell when 
left at liberty ; this was for the purpose of taking off the 
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strain from part of the chain, when more than one engine 
was travellino; by it. 

The chain was prevented slipping, when the grooved 
wheel was turned round, by friction-rollers pressing it into 
the groove. Mr. Chapman had one of bis engines tried 
upon the Hetton Rail-road, near Newcastle, but it was soon 
abandoned, owing to the great friction which arose Irom 
the use of the chain, which would operate considerably 
against it, and also increase its liability to get out of 
order.* 




L 



A portable high-pressure engine is a desiderntum of , 
very considerable importance in the erection of lar] 
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buildings, preparing eewers, and other works in which 
water or ballast is to be raised. On tbis account we now 
ifumisb a view of a small apparatus well calculated for 
tbis purpose; and so simple is the arrangement of its 
'parts, that but little of detail will be necessary for a com- 
plete illustration of the entire mecbanisin. Tlie boiler con- 
sists of a large cylinder of cast iron, made Tery Btrong, and 
placed with its axis resting horizontally upon short feet or 
pillars of cast iron : the boiler has a flanch at one bf its 
ends, to screw on the end or cover, which has the requisite 
openings for the fire door, the man hole, the exit for 
smoke, and the gauge-cocks, The fire is contained within 
the boiler, in a cylindrical tube of wrought iron, A, which 
is surrounded with water on all sides. 

At the part where the flue enters the chimney is a small 
door, fo I'eniove any soot that may have accumulated. On 
the lop of the boiler, is a safety-valve, kept down by a 
lever and weight, to allow the steam to escape in case it 
becomes so strong as to endanger the bursting of the 
boiler. The steam cylinder, c, stands in a perpendicnlar 
direction, and is inclosed within the boiler, except a few 
inches of its upper end, at which the four-passaged cock 
is situated, and the flanch which screws on the lid with 
' the stuffing-box for the piston-rod to pass through. -The 
boiler has a projecting neck, into which the cylinder is 
received, and it is fastened in its place by a flanch round 
the upper end of the neck of the boiler, which is united by 
screws to a flanch projecting from the cylinder at about 
one-third from its top ilancli. The upper end of the piston- 
rod is fastened to the middle of a cross-bar, which is 
placed in a direction at right angles, to the length of the 
boiler, and guided in its ascending and descending verti- 
cal motion, by sliding upon two perpendicular iron rods, 
fixed to the boiler, parallel to each other, being connected 
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together at top, and firmly suppovtcd there by two dia- 
gonal stays, extending frum the other end of tlic boiler, 
and eeciired to the flancb, which screws on the end of the 
boiler. The fly-wheel is situated close to the side of the 
boiler, and its axis gives motion to the necessa rymacbinery. 
The progress of steam navigation has been so rapid, and 
its importance to a great commercial country like Great 
' Britain must be so obvious, that it has been deemed ad- 
visable in our present enlarged notice on the steam engine, 
to furnish a view of the internal arrangement of the appa- 
ratus usually employed for propelling vessels. 

A sectional view rmd plan is represented in Plate IX. 
the double boiler for generating steam being shewn at oj 
and b, the chimney by which the smoke is carried from the 
furnace beneath. The steam-pipe e, is partly shewn in the 
section, but its course will be better understood by a refer- 
ence to the plan, in which it is seen to unite the boder, 
and cylinders, d d, by the intervention of the v&lve-hox^f. 
The air-pump, e, is worked by the main beam ; and the ex- 
centric piece for giving motion to the valves is shewn at 
g. The paddles h h, are usually attached to the main 
crank by a coupling-box, or toothed wheels, which ena- 
bles the engineer to throw off either of the propelling wheels 
at pleasure. It will not be necessary for us to again enter 
into any detailed description of the steam engine which 
operates as a prime mover in these vessels, as the construc- 
tion of the apparatus has been already examined more mi- 
nutely than the size of our present plate will permit, and 
the only additional fact connected with the history of this 
part of our subject, is the attempt that has lately been made 
to open a communication with India by means of a steam 
vessel. This indeed, fonns a new and important era in 
steam navigation, and although, owing to some unfavour- 
able circumstances attendant on thu supply of fuel, the 
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first voyage was not perfonned in so short a period of 
time as was expected by those who were the most san- 
gfuiiie supporters of the undertaking, yet enough was 
efiected to convince any. unprejudiced mind of the practi* 
cability of the undertaking. 
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ut of Patents for the Steam Engine, with an Analytical 
Account of those more immediately connected milk its 
Improvement and general Application to the useful 
Arts.* 

T. Savery, London, July 25, 1698. 

J. HIS patent, wiiich ia the first upon record, fur an inveiti ' 
tion ia whicli ateani was employed as a prime mover or j 
principal agent in hydrostatics, describes two modes of ef> I 
fectin^ this very desirable object. In the first, it is used I 
merely to produce a vacuum by coudeiiBation ; and in the ] 
latter, the impellent or expansive force of the steam is 
made to act upon the surface of tlie fluid to be raised, and ] 
by its pressure in a close vessel, the water is driven up a I 
connecting tube to tlie required lieight. 



* A complete list at the patent-right inventions connected with this I 
branch of our manursctuTes, has Iour been u deaideratom i while a refeV^ I 
ence to the chronological arrangement will shew the progreaaise improvet 1^ 
mcnts thathaic been effected in its L-onstruDtiiin. In addition to this, tbe I 
fnture eiperimBntaliat may derive conGiderable benefit from thel&bouisof g 
his precursors thus at one riewpreaented to his natlEe. It is scarceljne 
«ary to add, that a large portion of these exclusive monoptiUea are of little 
value beyond that of swelling the fees of the patent office ; many uf tlTem 
bring preciaely the some both in principie and applies lion. 
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In this eiq^iiie a ▼acnom being first fonned by the con- 
densation of steam, the water was afterwards raised by the 
pressure of the atmosphere to a given height from the 
well into the engine, and then forced out of the engine up 
the remaining he^ht by the pressure of steam upon its 
surface. This action was performed alternately in two re- 
ceivers; so that while the vacuum formed in one was 
drawing up from the well, the pressure of steam in the 
other was forcing up water to an elevated reservoir, and 
by this means a continued stream of water was produced. 

T. Nbwcombn and J. Cawlbt, 1705. 
Thk engine has been very frilly described in a preced- 
ing page^ to that, therefore, with a reference to the [date, 
wc shall beg to refer the reader. 

J. Hull, London, Dec. 21, 1736. 
The mode of propelling veasds by the afqplication of 
paddle-wheels now so generally adopted, appears to have 
been originally suggested by this patent. Mr. Hull pro- 
posed to employ the atmosph^ic engine of Newcomen, 
which, by means of a crank conununicating with the work- 
ing beam, imparted a rotatory action to the wheels or pad- 
dles which were placed at the bow of the vessel. 

James Brindlby, Lancashire, 1759. 

The boiler in this eng^ine was proposed to be made of 
wood and stone, with a cast iron fire-place within side of 
it, and surrounded on all sides, so as to give its heat to the 
water. The chimney was an iron pipe or tube, also im- 
mersed in the water of the boil^; and this plan Mr. 
Brindley expected would save a considerable portion of 
the fuel usually expended. 

Blakey, 1766. 

This patent, which consisted in an improvement upon 
Savery's engine, was in principle similar to that of Dr. 
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Pajiii). Ill this case a i|uautity of oil was placed in the re- 
ceiver, tvhicli, rising to tbe sarfaco, Ibrnied a species of 
piston or float between the surface of the water and the 
hot steam ; thus preventing the cuiitinued cundeDsation of 
elastic vapour, whicli must necessarily occur in engines 
npoa the original construction. 

To efieet this desirable object two receivers were to ha 
used, one in the same situation as Savery's, which was tu 
receive tlie air; and the hot steam, when admitted into it, 
forced the air to descend by a pipe to the second receiver, 
which was at the bottom of the well from wlieiice the water 
was expelled, and proportionably raised in the force pipe. 

J. Watt, Birmingham, Jan. 5, 17(i9. 

To tbe great and comprehensive genius of the late Mi-. 
. Watt, and the spirit of rivalry which was excited in the 
mechanical world on the publication of this patent, 
which, though the earliest, is certainly tbe most important 
of his inventions, may be ascribed the couipletioa of those 
improvements that have subsequently been etTected in the 
steam engine. This patent, the term of which was pro- 
longed for twenty-one years from the expiration of tbe 
original grant, contains the following principles, which, for 
their importance, we insert in tbe author's own words: 

** First, That the vessel in which the powers of steam are 
to be employed to work the engine, which is ciilled the 
cylinder in common tire engines, and which 1 call the 
steam vessel, must, during the whole time the engine is at 
work, be kept as Iiot as tbe steam that enters it: first, by 
iaclosing it in a case of wood, or any other material that 
transmits heat slowly ; secondly, by surrounding it with, 
steam or other heated bodies ; and, thirdly, by sutfering 
neither water uor any other substance colder than steam, 
to enter or touch it during that time. 
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^ Secondly, In engines that are to be worked wholly or 
partly by condensation of steam, the steam is to be con- 
densed in vessels distinct from the steam yessds, althongh 
occasionally communicating with them. These ressels I 
call condensers; and while the engines are working, these 
condensers ought to be kept as cold as the air in the neigh- 
bourhood of the engines, by the application of water or 
other cold bodies. 

^ Thirdly, Whatever air, or other elastic vapoor, is not 
condensed by the cold of the condenser, and may impede 
the working of the engine, is to be drawn out of the steam 
vessels by means of pumps connected with the engine. 

^ Fourthly, I intend in many cases to employ the expan- 
sive force of steam to press on the pistons, or whatever may 
be used instead of them, in the same manner as the pres- 
sure of the atmosphere is now employed in common fire 
engines. In cases where cold water cannot be had in 
plenty, the engines. may be wrought by force of steam 
only, by discharging the steam into open air after it has 
done its office.* 

^ Fifthly, Where motions round an axis are required, I 
make the steam vessels in the form of hollow rings, or cir- 
cular channels, with proper inlets and outlets for th^ steam, 
mounted on horizontal axles, like the wheels of water-mills. 
Within them are placed a number of valves, which suffer 
bodies to go round the channels in one direction only. In 
these steam vessels are placed weights so fitted to them as 
entirely to fill up a part or portion of their channels, yet 
rendered incapable of moving fireely in them by the means 
hereinafter mentioned or specified. When the steam is ad- 
mitted into these engines, between the weights and the 

* This^hoold not be understood to extend to any engine where the 
water to be raised enters the steam vessel itself^ or any vessels having an 
open conununic|itioB with it. 
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valves, it acts equally on both, so as to raise tbe ivci^hts to 
one side of the wheel, and by the re-action of the valves, 
successipely to give a circular motion to the wheel, the 
valves opening; in the direction in which the weights are 
pressed, but not in the contrary one, as the steam vessel 
wliich moves round it is supplied with steam from the 
boiler, and that which has performed its office may either 
he discharged by means of condensers, or into the open air. 

" Sixthly, I intend, in some cases, to apply a degree of 
cold, not capable of reducing the steam to water, but of 
contracting it considerably, so that the engines ghall he 
worked by the alternate expansion and contraction of the 
steam, 

" Lastly, Instead of using water to render the piston or 
other parts of the engines air and steam tight, I employ 
oils, wax, resinous bodies, fat of animals, cinicksilver, and 
other metals, in their fluid state." 

J. Stewart, 1769. 

This engine produced a rotative motion by a chain going 
roimd a pulley, and also round two barrels furnished with 
ratchet-wheels, with a weight suspended to the free end of 
the chain, which thus served to continue tbe motion of the 
apparatus during the return of the piston. 



M. Washbohoogh, Bristol, 1778, 

This invention, like the preceding, was intended to coui- 
inunicate a rotatory motion, without the intervention of a 
crank. It had a toothed sector on the end of the working 
beam, acting in a truudle, which, by means of two pinions, 
with ratchet-wheels, produced a rotative motion in the 
same direction by both the ascending and descending 
stroke of the piston ; and by shifting the ratchets, the 
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motioQ oonld be reveraed at pleasure. Iq this CBgine Mr. 
Washbcnroiigh enployed a fly-wJieel, whicli may not on- 
apHj be considered as a magazine of power in thii^ as in 
every other species of machincary. 



J. Steed, Lancashire^ 1781. 

This specification was to seeore to the patentee the ap- 
plication of a crank for producing continuous motiun 
nearly similar to that now in use. 

« 

J. HoENBLOWEE, Peuryu, Cornwall, July, 31, 1781. 

The expansive principle of Mr. Watt is in this ei^;ine 
employed by means of two cylinders, by the use of which 
the force of the apparatus is more nearly equalized. As, 
however, this inventioh has been the basis of several im- 
provements of the first magnitude in the introduction of 
double cylinder engines, we subjoin. the specificatioo in 
Mr. Homblower's own words : 

^ First, I use two vessels in which the steam is to act, 
and which in other steam engines are called cylinders. Se- 
condly, I employ the steam after it has acted in the first 
vessel to operate a second time in the other, by permittiiiy^ 
it to expand itself, which I do by connecting the yessels 
together, and forming proper channels and apertures, 
whereby the steam shall occasionally go in and out of the 
said vessels. Thirdly, I condense the steam, by causing it 
to pass in contact with metallic substances, while water is 
applied to the opposite side. Fourthly, to discharge the 
Mig^eof the water employed to condense the steam, I sua* 
pend a column of water in a tube or yessel constructed for 
that purpose, on the principles of the barometer, the upper 
end having open communication with the steun vessels^ 
and the lower end being immersed in a vessel of water. 
Fifthly, to discharge the air whidi enters the steam vessels 



with tlie coiidensiug water or othenvise, I introduce it 
into a separate vessel, whence it is protruded by the 
admtssioa of steam. Sixthly, that the condensed vapour 
shall not remain in the steani vessel in which the steam is 
condensed, I collect it into another vessel, which has open 
coounuDicatioD with the steam vessels, and the water in 
the miue, reservoir, or river. Lastly, in cases where the 
atmosphere i^ to be employed to act on the piston, I use 
a piston so constructed as to admit steam round its 
periphery, and in contact with the sides of the steam 
vessel, thereby to prevent the external air from passing 
in between the piston and the sides of the steam vessel." 

J. Watt, Birmingham, March 12, 1782. 

This invention, which is for an improvement on Mr. 
Watf 8 prior patent, consists principally in an advantageous 
mode of stopping the admission of steam at a given point, 
80 that a part of the working stroke is effected by the 
expansion of that portion of the elastic vapour which has 
already entered the cylinder. Several very ingenious 
contrivances are also described by Mr. Watt for ecjualizing 
the motion of the piston. The first of these is by a chain 
acting upon a spiral or fusee ; secondly, by levers acting 
anequaily upon each other : and, thirdly, by a large 
weight attached to the working-beam at a considerable 
height above the centre of motion. In the last of these 
methods, when the piston begins its descent, the weight 
will oppose itself to the motion of the piston, until the 
descent of the latter have inclined the beam so much, that 
the centre of gravity of the weight is perpendicularly 
over the centre of motion of the beam: the weight wdl 
then have no effect on the engine ; but after it has passed 
this position, it must evidently tend to aid the effort of the 
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piston to draw up the load of water • in the pumps, and 
render its motion equable. 

J. Watt, Birmingham, 1784 

Rotative engine— Three parallel motions — Portable 
steam engine, and machinery for moving wheel oeuriages 
— Mode of working hammers and stampers — ^Improved 
hand-gear — Mode of opening valves. 

J. Watt, Birmingham, June 14, 1785. 

The object of the present invention is to facilitate the 
combustion of smoke by a more equable supply of oxygen* 
and consists in causing the smoke, which is usually emit- 
ted on a supply of fresh fuel, to pass, together with a 
current of air, through the ignited mass that has already 
ceased to smoke, by which means it will be efiectually 
consumed, and converted into heat or flame* This inven- 
tion is put in practice, first, by stopping up every av^iue 
or passage to the chimney, except such as are lefl in the 
interstices of that part of the fuel which is ignited ; se- 
condly, by placing the fresh coal above, or nearer tx) the 
external air, than that which is burning, and already coi^ 
verted into coke or charcoal ; and, thirdly, by constructing 
the fire-place in such manner, that the fresh atmospheric 
air which anin\^tes the fire, and the smoke which procseeds 
from the fresh fuel,-must take a downward direction, so as 
to pass through the whole mass of burning fuel to the 
most remote part of the fire-place; and by this means the 
whole of its hydrogen, azoto, and carbonaceous matter is 
usefully employed. 

T. Burgess, June 9, 1789. 

In Mr. Burgess's apparatus, which was intended to 
produce a rotatory action, a heavy fly-wheel was set in 



moiioii by the alternate elevntion niid dcpressioH of the 
working-beam. This was effected by an clastic cord 
passing round a collar on its axis, one end of whicli was 
connected with the working-beam, while the other sup- 
ported a weight. The moveable collar being furnished 
with a click acting in a ratchet-wheel firmly screwed to 
the fly-arbor. From this it will be seen that the elevation 
of the piston would give a proportionate impulse to the 
fly, which could not be impeded by its subsequent de- 
pression, the moveable ratchet-wlieel allowing the fly to 
continue its rotative motion. 

Messrs, Bbamah and Dickinson, Jan. 15, 1790. 
For an engine on a rotative principle. 

J. Sadler, Oxford, June 10, 1791. 
The above patent, which Mr. Sadler states in bis speci- 
fication to have for its object, the reducing of the con- 
sumption of coals, and consequently the expense of 
generating steam, appears but little calculated to answer 
this or any oilier useful purpose. Mr. Sadler produced a 
rotatory motion by a hollow cylinder connected with a 
boiler, which wa,s driven round by the emission of steam 
from two moveable arms turning upon the same axis. 

Francis Thompson, 1793. 
A double-acting engine, for turning machinery by a 
crank. This was effected by employing two cylinders, 
one inverted over the other ; both pistons being connBcted 
by one rod, which pas.sed through the upper end of the 
inverted cylinder, where it was connected with the beam, 
and thus made a double stroke. 



R. Stbeep, Christchurch, Surry. May 2, 1794. 
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J. Strong, Bingfaam, Nots. May 31, 1796L 

This patent was obtained fur improyements in the pis- 
ton cylinders and yalyes, none of which wore ever gene- 
rally adopted. 

Valen TinE Close, Hhnley, 1796. 
Saving fbeL 

J. Pbppeb, Newcastle, 1796. 
Saying fiiel. 

F. Llotd, Woohtanton, 1796. 
Furnaces. 

W. Batlbt, MandieBter, Jane 28, 1796. 



E. CABTtlrmiGHT, Middlesex, Nov, 11. 1797. 

In this engiiMB the eondensation is performed by the 
application of cdld to the extemd sorface of die vessel 
contaimi^ the steam. This is efiboted by admitting the 
elastic vapour between two metal cylinders, lyiikg one 
within the other, foA baving cold water flowing tbrougfa 
the inner one, and surroutiding the outer one. By these 
means a very thin body of steam is exposed to the greatest 
possible surface of cold metal. By means of a valve in 
the piston, there is a constant communication at aD times 
between the condenser and the -cylinder, either above or 
below the piston, so that whether it ascend^ or descend, 
the condensation is always taking place. This mode of 
condensation also affords an opportunity of substituting 
alcohol in the place oT water, for working the engine^ 
which could not be effected where the injection water 
mixes with the elastic vapour ; and by the employment of 



ardent spirit, Mr. Cartwrig;ht calculates that a saving of 
balf the fuel usually employed inig;ht be expected. 

J. Grove, Chesham, 1797. 
Boiler and furnace. 



T. RowNTREE, Blackfriare, May 1, 1798. 

J. HoRNBLOWER, Peuryn, Cornwall, June S, 179S 
The rotative engine described in this specification, 
though very ing;enious in its construction, is much too 
complicated to be generally adopted. 

J. Dickson, Dockhead, Jidy 14, 1798. 
This engine, like the preceding, has never been em- 
ployed on a large scale, which may be principally attri- 
buted to the air-pump and quicksilver, which form an 
essential part of its construction. 



F. Rapozo, Lisbon, Aug. 29, 1798. 



G. F. QuEiROZ, Waltham Green, Middlesex, Sept. 1798. 
Mr. Queiroz's improvements consist in diminishing the 
friction, in conmiunicating a circular motion, and in a 
considerable alteration in the form of the boiler, by divid- 
ing it into several compartments, by which a greater sur- 
face is exposed to the fire than by the ordinary method, 
and consequently more steam produced by a given quan- 
tity of fiiel. 

W. Rayley, Newbald, York, 1798. 
' " A Philosophical furnace and boiler, with an actuating 

wheel as an appendage." 
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G. Bliimdbl, London, 1796. 
Machine for mving fuel. 

J. Burns, Glasgow, 17^ 
Saving fuel-— Fuimoe. 

Rbv. T. Cooke, London, 1796. 

^^ Carbo frugalist, or an effectual mode of applying fire to 
caldronic implements/' 

J. Wilkinson, Rotherhithe, July, 1799/ 

The advantage derivable from Mr. Wilkinson's invent 
tion, consists in a closer application of heat to the bottom 
of the steam boiler ; this he effects by constructing it of 
considerable length, and without any flues round the 
exterior surface. The heat from the flues, passing uni- 
formly along the bottom, rises up at one end, and return- 
ing by flues passing through the water to the other, opens 
into the chimney which carries off the smoke. 

M. Murray, Leeds, July 16, 1799« 

With a view to save fuel, Mr. Murray provides the top 
of the boiler with a small cylinder and piston, connected 
with a rack, by means of which the steam within the 
boiler raises up or depresses a damper in the chimney. 
He is thus enabled by the increase or decrease of the 
steam to keep up a due proportion between the elasticity 
of the vapour thus generated and the draught of the fire. 
Mr. Murray's second improvement ccmsists in placing the 
ordinary steam cylinder and piston in a horizontal, instead 
of a vertical direction,^ and by this means a much longer 

* The principal objection to horizontal cylinders arises fWnn the uneqval 
wear of the piston packing, though this has been in some measure ob- 
viated by the use of friction wheels. 



195 

stroke may be ohtainetl than in the usual way. He alsu 
causes the pistons, by their reciprocating motion, ty pro- 
duce a circular motion of equal power, and enables the 
engineer to fix the wheels necessary for producing; motion 
alternately in perpendicular or horizontal directions. 



W. MuBDocK, Redruth, Cornwall, Aug. 29, 1799. 

Mr. Murdock describes his improvements under four 
beads, viz. First, a more equable mode of boring the 
metallic cylinders and pumps by means of an endless 
screw worked by a toothed wheel. Secondly, by simpli- 
fying the construction of the steam vessel and steam case 
in engines formed on Mr. Watt's principle, which he 
effects, by casting the steam case of one entire piece, to 
which the cover and bottom of the working cylinder are 
attached. He likewise casts the cylinder and steam case 
in one piece of considerable thickness, and bores a cylin- 
dric interstice between the steam case and steam vessel, 
leaving the two cylindere attached at one end, and he 
closes the other by a ring of metal. 

Thirdly, he simplifies the construction of the steam- 
valves or regulators, in Mr. Watt's double engine, by 
connecting together the upper and lower valves, so as to 
work with one rod or spindle. The steam or tube which 
cotmects them being hollow, serves as an eduction pipe to 
the upper end of the cylinder, and a saving of two valves 
is effected. 

Fourthly, by the assistance of two toothed wheels work- 
ing in an air-tight vessel, a rotative engine of considerable 
power is produced, though from the great difficulty at- 
tached to the making it air-tight, and the waste of steam 
in condensation, the plan does not appear of much prac- 
tical utility. 
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J. Bishop, Covent Garden, Sept 23, 1799L 

This apparatnii, which imy be considered as a 
cation of Amonton's fire-wheel, consists of three parts: 
First, a wheel simQar. to an overshot water-wheel ; se- 
condly, a lai^ close vessel or case, made of copper or 
iron, in which the wheel is fixed, and which is to work in 
a vertical direction ; and thirdly, an air or steam pipe and 
valve, which passes out at the top of the dose vessel, 
through « small reservoir of cold water, for the pnrpose of 
condensation, if necessary. 

Motion is given to the wheel, and to any connecting 
machinery, by the power of ascending steam, in die fbl* 
lowing manner: the close copper vessel in which the 
vertical wheel is fixed, is filled with water above the axle 
of the wheel. The application of fire at the bottom of the 
vessel will raise the steam ; and the steam in its ascent, by 
entering into and acting upon the bucket of the wheel, 
will g^ve it a rotatory motion, producing a power of about 
nine pounds for every gallon of water employed. A con- 
trivance is also added for the production of a vacuum by 
the means of an air or steam pipe, by which a consider- 
able reduction in the expenditure of fuel is effected. 

R. Delap, Banville, 1799. 
Economical boiler. 

Marquis de Chabannes, 1799. 
Improving fuel. 

A. G. EcKHARDT, London, 1799. 
Saving fuel. 

P. Crowther, Newcastle-upon-Tyne, Feb. 2^ 1800. 
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J. and J. Robertson, Birmingliain, Aug. 13, 1800. 

Messrs. Robertson's iiiveiition consists in preventing, in 
a great measure, tbe escape of steam which usually takes 
place even in engines of tbe hest construction by the wear 
of the materials uf which the piston ia composed, and by 
an apparatus exclusively the invention of the patentees, 
the small portion of elastic fluid that finds a passage 
during the action uf the cylinder is employed on another 
piston, thus augmenting the power of the engine. These 
desiderata are stated to be effected by the use of two 
steam cylinders, one smaller than the other, with pistons 
fitted to each, and whose united action is described in tbe 
above specification. 

The patentees have also effected a considerable saving 
of the fuel usually employed, by an improvement which 
evidently possesses very considerable advantages. 

The coal is admitted into the furnace by a hopper or 
mouth piece, so that it may fall into the fire place above 
tile bars, as the fuei is expended. From the upper side 
of tbe hopper a stream of fresh air rushes downwards on 
the fire, and by the adoption of this plan a large portion 
of the smoke is converted into flame. 



P. Revey, London, 1800. 
Improved fuel. 



E. Cartwright, St. Mary-le-bone, Feb. 5, 1 801. 

The engine here described was never, we believe, fairly 
tried, at leaj^t, judging from the simplicity of its parts, 
capability of control, and great portability, it is uot too 
mucli to suppose, iiad its merilfi been better known, it 
would (with some modifications) have come into more 
geasral use. 
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W. Base, Saxtliorpe, Norfolk, May 14 1801* • 

After karii^ the cylinder in order Id be ocmdenBedy 
the steam is in this apparatos condncted throi^h a TesBel 
containing a mmber of metal pipes filled with water 
from the condoner. This beii^ sommnded b j the steam, 
imbibes a portion of its caloric, whfle it fiicflitates the 
process of condensation. The water thos heated is imme- 
diately conveyed to the bofler, which is preserved at die 
boilii^ point by a small addition of caloric* 

M. MoaaATy Leeds, Angost 4, 1801. 

This patent comprises six principal objects: First, by 
an improved air-pnmp, the gaseom matter is discharged 
firom the cylinder without any eflfort in c^ienii^ of valresy 
or pressing through a body of water; and it also causes 
the water and air to be diischarged separately and by di& 
ferent ways : this is efiected by taking out die air alone by 
abucket,and the water al<»e by another, or by an eduction 
pipe twenty-e%ht feet 1<m^. The seomd principle is an 
improved meAod of packii^ the cylinder's lid, stuffii^- 
boxes, &c. by bringing the moveable parts of each in im- 
mediate omtact; this is effected by placing the necessary 
packing on the upper side of the cylinder, which lid pr^ 
v^its the piston rod receiving friction from any oblique 
pressure, by the lid beii^ screwed down more upon one 
side than the other. 

The two next improvements relate to the construction and 
circular motion of the valves, the uppermost two beii^ in- 
verted ; and the valve-4t)ds are made to pass through the 
reservoirs of oil, or other fluid matter, which efiSsctually 
prevents the air from insinuating itself into the ei^^ine. 

The next principle is a new method of connecting the 
piston-rod to the parallel motion ; and the last relates to 
the constmctioD of fire places, by which the smcdLe arising 



from the fire is consumed, and made part of the fuel; on 
this latter head, however, Messrs, Brunton, Parkes, and 
Losh, have made considerable improvements, so much so, 
indeed, as to supersede the application of this clause in 
Mr. Murray's patent. * 

J. Bramah, Pimlico, Nov. 28, 1801. 
In this engine Mr. Bramah employed a four-passa^^ 
cock for the emission of steam from the hoiler, which in 
this case is made to enter into a hollow at the large end of 
the cone of the cock, and to pass away to the condenser by 
a passage at the smaller end of the cone of the cock. By 
this means the metallic fitting is always rendered perfect, 
the plug being pressed into its seat by the force of the 
steam, acting upon a surface equal to the small end of the 
cock, from which the pressure is relieved. Mr. Bramah, 
also, makes his four-way cock turn continually in the 
same direction, by which means the same effects are pro- 
duced as by turning it backwards and forwards, but the 
wear is rendered more equable. 

W. Symington, Kinnaird, Stirlingshire, Oct. 14, 1801. 
For a rotatory and other motions, without the interpo- 
sition of a lever or beam. 

R. Wilcox, Bristol, 1801. 
Engine and furnace. 

J. Anderson, Mounie, 1801. 
Saving fuel. 

" This patent was, we belietc, set aside by a wril of Jci'if /ariaiinsti- 

luled bj his Majesty's Altumey General, at the inMance of Mesert. 

I Bvultnii and Watt, nbo Iiad pruviously practised some things coalained 

in Mf. Hurmy'e EjxciGc&tion. 



i 



200 

Earl ef Stanhopb, Londmi, 180K 
Saving fuel. 

G. Medhurst, London, 1801. 
Circular into rectilinear motion. 

G. Stratton, London, 1801. 
Saving fael. 

J. Glazbbrook, Colebro<Ae Dale, 180L 
^ Working machines by means of air.'^ 

R. Young, Batb, 1801. 
Saving fuel. 

J. Sharper, Bath, Jan. 28, 1802. 

R. Trevithick and A. Vivian, Camborne, Cornwall, 

March, 24, 1802. 

The high-pressure eng^es of Messrs. Trevithick and Vi- 
vian, were expressly intended for the propelling of car- 
riages upon rail-roads. When employed for this purpose 
the boiler was composed of cast iron of a cylindrical form. 
This was mounted horizontally upon four wheels, the cy- 
linder of the engine being placed vertically in the end. 
Two connecting rods, descending from the cross bar of the 
piston, were then made to communicate motion to the 
wheels by means of a crank ; no fly-wheel being necessary, 
the momentum of the carriage carrying the cranks past 
the lines of the centre. 

M. Murray, Leeds, Yorkshire, June 28, 1802. 
This patent, which was for a portable engine, combining 



some of the most useful of Messrs. Buultou ami Walt's 
iiiveutiotis, was at their instance repealed in the following 
year. 

T. Saint, Bristol, Dec. 21, 1802. 

The principle of this invention may he thus described : ' 
at the bottom of the boiler an opening; is made nearly as 
large as the flue; on this opening is fixed a tube, through 
which a communication takes place between that part of 
the fire-place in which the fiame rises or circulates, and 
the interior space of the boiler in which steam is produced 
for the supply of the engine. This aperture may remain 
open, but Mr. Saint recommends the application of a saiety- 
valve so placed that no part of the heated air contained 
within the boiler shall be permitted to escape through the 
opening, but that the flame fi-om the furnace may be ad- 
mitted as often ns a reduction in the elasticity of the com- 
pound steam will admit. 
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M. BiLLiNGsLEY, Dec. 22, 1802. 

The usual mode of perforating and finishing cylinders, 
through the agency of an Iiorizontal apparatus impelling 
the borer in a vertical direction, is upon many accounts 
inconvenient, the sand and borings occupying une side of 
the cylinder, and wearing away the edges of the cutter. 
By the applicatiuu of Mr. Billingsley's apparatus, this pro- 
cess is reversed by causing the borer to revolve in an ho- 
rizontal direction, and thus allowing the sand See. to fall 
freely to the lower opening in the cylinder. In this method, 
the finishmg part of the cutter is employed upon a clean 
face of metal, and not being encumbered witli the cuttings, 
the borer goes completely through, without any attention 
being necessary. 
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apparatus; diii k prerented by Ae aduptiiMi of Mr. Free- 
mande^s improvement; for, inateod of a vacaum being 
formed below the piston, air will be extracted from the 
air-vessel ; and, as the piston descends, the pressure of the 
air on the snrfiice of the water in the wdl not being 
coonterbalaneed, will amtinue to rise in the vessel till the 
equilibrium is restored; and when the piston ascends 
again, the barrel will not only be supplied by the pipe, 
but also by the air-vessel. 

E. Stephen, Dublin, 1803. 
Saving fuel. 

J. Edwards, London, 1803. 
Saving fuel. 

ft. WiLLCOx^ Brmtol, April 90, 1804. 

The improvement for which this patent is taken out, 
consists in lessening the consumption of fuel by the appli- 
cation of vapour in a high state of elasticity ; and in 
addition to the chimney flue of a furnace, by which the 
descent of the smoke and heated matter to a lower level 
than that of the fire-place, is r^^lated and adjusted at 
pleasure. 

As the caloric which escapes by the chimney in various 
manufactories js very considerable, and, acc^ing to Mr. 
Willcpx, more than sufficient to work an ordinary steam 
engine by condensation, he finds it most advisable to load 
the safety valve, and construct the engine of the requisite 
strength to bear an elastic action of from fifteen to one 
hundred and fifty pounds on the inch; and in this manner 
the machine is worked by its elasticity onlyi^ By this ap- 



plication of the steam, llie patentee states tliat the power 
of a four-inch cylinder may be made to equal that of one 
twelve times its diameter- 
Antony the advantages derivable from the use of this 
engine, it is said that the constant heat of the cylinder and 
the pipe that leads to it, which can never come in contact 
with the cold water, and the increasing heat of the ^vater 
in the cylinder, which soon acquires a high temperature, 
and then continues its place, by its diminished specific 
gravity, mu»tt tend in the highest degree to prevent a waste- 
ful condensation of ^eam. 

A. WooiF, Wood Street, Spafields, June, 7, 1804. 

This engine is in many respects similar to Mr. Horn- 
blower's, with the addition of employing steam of a high 
pressure., and in proportioning the capacities of the two 
cylinders to the increased expansibility of the elastic fluid, 
according to his table. Mr. Woolf, in his specification, 
states that he has ascertained by actual experiment that 
steam acting with the expansive force of four pounds upon 
the square inch, against the safety valve, exposed also to 
the weight of the atmosphere, is capable of expanding 
itself to four times the volume it then occupies, and would 
still be equal to the pressure of the atmosphere; so, in 
like manner, quantities of steam of six, seven, eight, Sec. 
pounds (he square inch, can expand themselves to six, 
seven, or eight times their volume, and still be equal to the 
atmosphere, or capable of producing a sufiicient action 
against the piston of a steam engine, to produce the 
upward action in Newcomen's atmospheric engine. 

An engine constructed on Mr. Woolfs plan, must have 
two steam vessels of different dimensions, according to the 
temperature, or expansive force, to be communicated to 
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tlie steam. Each eteam vessel siioiild he furnifllifHl witli n 
piston, fittin"^ air-tight, and the smaller cylinders should 
have a comnmni cation both at top and bottom with the 
boiler which Bupplies the steam, capable of being opened 
and shut during the working of the engine. The top of 
the small cylinder having a comniimication with the bot- 
tom of the lai^er cylinder, and ihe bottom of the smaller 
with the top of the larg;er, with proper means to open and 
shut these alternately by means of cocks and valves. A 
communication should also be formed by the same means 
between the larger cylinder and a condensing vessel, into 
which a jet of water is admitted to render the condensation 
more complete. 

When the engine is at work, steam of high temperature 
is admitted Irom the boiler, to act by its elastic force on 
one side of tlie smaller piston, while the steam which had 
last moved it has a communication with the larger steam 
vessel, now moving towards that end of its cylinder which 
is open to the condensing vessel. 

If both pistons end their stroke at one time, and both 
arc placed at the lop of their respective cylinders, ready to 
descend, then the sleam entering above the smaller piston 
will carry it downwards; while the steam below it, instead 
of being allowed to escape into the atmosphere, will pass 
into the lai^er cylinder above its piston, which will take 
its downward stroke at the same time with the piston of 
the smaller cylinder. Both pistons having thus reached 
the bottom of their respective cylinders, the steam is to be 
shut off from the top and admitted to the bottom of the 
smaller cylinder, and the communication opened between 
the top of the smaller and the bottom of the larger cylin- 
der; the steam which, in the downward stroke of the 
engine, filled the larger cylinder, being now open to the 
condenser, and the communication between the bottoqi of 



the larger cylinder and the condenser shut off, and so 
alternately admitting the steam to the different sides of the 
smaller piston, while the steam last admitted into the 
smaller cylinder passes alternately to the different sides of 
the larger piston, the top and bottom of which are made to 
communicate alternately with the condenser. 

J. RiDEn, Belfast, March 26, 1805. 
The improvements described in this specification consist, 
first, in lining the steam cylinder with a soft metal, similar 
to pewter, of a sufficient thickness to admit of finishing its 
inner sur&ce by draw-boring, &c, ; secondly, in applying 
a hollow piston-rod, answering the purpose of an eduction- 
pipe ; and thirdly, m the order of opening and shutting the 
valves. The last and most important part, however, of 
Mr. Rider's invention requires a more particular descrip- 
tion. Upon an horizontal arbor, which may be denomi- 
nated the main arbor, are placed three wheels, a drum or 
barrel, and a pinion : one of these wheels, that is to say the 
main wheel, is fitted by means of a socket upon the main 
arbor, so as to revolve upon its axis, and has teeth both 
upon the exterior and interior periphery of its rim. Within 
the circle of the interior teeth of this wheel a pinion is fixed 
to the arbor, its diameter being one-third of the interior 
diameter of the main wheel. The moveable barrel turns 
freely upon the main arbor, and it carries a cord, with a 
weight hanging at its end similar to a clock-weight. Be- 
sides this the ends of the barrel are pierced with two 
orifices, each at about half the exterior radius of the main 
wheel from the arbor ; these apertures serving as pivot- 
holes, wherein an arbor turns, carrying' a wheel, of which 
the diameter and number of teeth are equal to those of the 
pinion: the latter wheel may be called the barrel pinion ; 
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ite teeth work in the teeth of the pinkm, and also in the 
interior teeth of the main wheel. By theae meana die 
barrel may be tmned round upon the main arbor, wbfle 
the arbor itself is turned by the pinion. The exterkit 
teeth of the main wheel turn the pinion of a scapement 
wheel and pallets. Near one end of the main arbor there 
is a ratchet wheel and click ; and near the other end a 
wheel, which is acted upon by an endless screw upon an 
horizontal shaft, worked by the usual motion of the eng^ine. 
This arrangement serves to regnlate the rate of the 
engine's motion ; for the turning of the worm wheel, last 
described, causes the weight to be raised which hai^ to 
the cord winding upon the barrel; and this weight is 
connected to one end of a lever, the other end of which is 
attached to the steam valve, so that its elevation depends 
upon the height to which the weight is raised. The 
aperture of this valve is formed like an inverted cone; 
and while this valve shuts and opens twice at every stroke, 
the lever does not prevent such opening and shutting, but 
merely limits the extent of the opening by the action of a 
rod connected with it; so that when the weight is highest, 
the valve is least opened, and vice versa* Little power is 
lost by these means, and the speed of the ^igine can be 
accurately regulated by adjusting the length of the pen- 
dulum to the arrangement of teeth in the wheels and 
pinions. 

J. Barnet^ Saffron Waldon, 1804. 
Saving fuel. 

J. HoRnnLOWER, Penryn, March 26, 1805. 

'This steam wheel, which differs considerably from Mr. 
Hornblower's prior patent for a rotatory motion, consists 



of three principal parts : The external circular case, 
which is shaped like a globe, from which about forty 
degrees are cut off at each pole ; secondly, a partition 
. whicb divides the case into two parts transversely in the 
plane of its axis ; and thirdly, the moveable or circulating 
parts which are analogous to the piston in the common 
steam engine. To form an idea of these last, we must 
conceive an hollow nave attached to an horizontal axle, 
which nave is pierced with two pair of circular holes on 
its cylindrical sur&ce, each pair corresponding at opposite 
aides to each other; through these holes pass radii, move- 
able round their own axis for one half a circuit, to which 
are attached flat quadrants, placed so that the planes of 
those at opposite sides of the nave should be at right angles 
to each other. By this arrangement, when one of them is 
placed so that its plane shall be atright angles to the axis of 
the nave, tlio plane of the other ivili coincide with that of the 
axis. In the partition which forms the second principal 
part of the engine, are two cavities at opposite sides of the 
centre, one of which corresponds exactly to the shape of 
the greatest surface of the quadrant ; the other is much 
smaller, and only admits the quadrant edgeways; these 
cavities are continued in a sort of case of the same sliape> 
for one-fourth of the circle on each side, by whicb means 
there are always two of the quadrants, or the greatest 
part of them, working in each cavity at the same time. 
The quadrants aie made hollow so as to admit of their 
being stutTed at their edges, as is also the recess in which 
they circulate. 

From this it will be seen that the external circular case 
w divided by the partition and the quadrantular pistons 
into two separate chambers, each steam tight ; into one of 
these chambers a pipe is conveyed from the boiler, and 
from the other chamber another pipe communicates with 
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the roodeneer; now as the quadraiit which occupies 
the greater cavity of the partition opposes a niucfa 
greater surface to the pressure of the Bteam than that 
which lies edgeways in (he smaller cavity, it will be 
forced forward towards the cold chamber, in which, when 
it is arrived, it meets a sloping block so shaped, that in 
passing it, it is turned round one quarter, or so as to be at 
right angles to its former position, and thus enters the 
smaller cavities edgeways, while by the same movement 
the opposite quadrant is turned flat across the entrance of 
the larger cavity of the partition, and on entering iti» 
impelled in its turn by the steam, as before described. 
The axis, or arbor, on which the nave is fixed, which 
sustains the quadrants, passes through the outer case in an 
horizontal direction, and to its extremities are to be fixed 
those wheels which are to give motion to the machinery 
required to be worked by the steam-wheel. The outer 
case is fixed in a vertical position, and has a flat plate 
cast at the part intended to be lowest, by which it may be 
boiled to the floor of the building in which it is erected. 
It ia formed so as to separate into three horizontal sectioiu, 
the middle one of which is for the purpose of admitting 
and properly fastening the partition with its stuffing 
twxes ; the upper section serves as a lid. and all are se- 
cured to each other by flanches and strews. 

W. Earle, Liverpool, March 26, 1806. 

J. C. Stevens, May 31, 1805. 
This patent is for a high-|)ressure boiler, resembling 
Mr. WoolPs; it may be thus described. Suppose a plate 
of brass, of one foot square, in which a number of holes 
are perforated, intx) each of which is fixed one end of a 
copper tube, an inch in diameter, and two feet long, and 
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the other end of the tube inserted in like manner into a 
similar piece of brass : these are to be enclosed at each 
end of the pipes by a strong cap of metal so as to leave a 
small space between the plate and cap. The necegsary 
supply of water is then to be injected by means of a 
forcing pump communicating with one of the caps, 
while the steam is conveyed from the other to the re- 
quired point. 

A. Brodie, May 31, 1805. 
The cast-iron boiler invented by Mr. Brodie, may be 
constructed of any dimensions, and the iron plates of 
which it is composed are made with flanches of the re- 
quired size, and put together with rivets and screws. To 
prevent the boiler giving way by tbe force of vapour 
within, it is strengthened by wroughl-iron stays, and 
the vessel thus made is supported by iron legs, so that the 
fire is allowed to communicate with the whole of its 
lower area without being connected with the brick work 
with which it is usually surrounded. 

James Boaz, Glasgow, July 2, 1805. 
This patent is for an improvement on Savery's engine, 
which Mr. Boaz effects by separating tbe steam from the 
water to be raised. For this purpose he employs a float- 
ing piston upon Papin's plan, and such an arrangement 
of the forcing pipes that the repellent force of the steam is 
always acting upon the same body of water. 
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A. WooLF, Spafields, July 2, 1805. 
To prevent the danger attendant on the use of Mr, 



Wooirs high-pressure engine, he in I 
p2 



lis patent recom- 



mends the use of oil, or the fat of aaimals placed in the 
receptacle, which in his former patent contaiued steam of 
great elasticity. The vessel employed to contain these 
fluids forme a complete case or envelope to the working 
cylinder, bo that the whole is maintained at one unifomi 
temperature, which is to be kept up by a fire under or 
round the receptacle. By this arrang;emeat, the necessity 
of employing steam of a great expansive force is obviated, 
and steam of a comparatively low temperature will pro- 
duce all the effects that can be obtained from steam of a 
high temperature, without any of the risk with which the 
production of the latter is accompanied. He also pro- 
poses a method of preventing the passage of any of the 
steam from that side of the piston which is acted upon by 
the steam, to the other side which is open to the condenser. 
In the double-action steam engines he effects this h; 
employing, upon or about the piston, a colunm of mer- 
cury of an altitude equal to the pressiu'e of the steam. In 
working the single engine, a less considerable altitude of 
metal is required, because the steam always acts on the 
upper side of the piston ; and in this case oil, or the tai of 
animals, will answer the purpose sufBciently well, and at 
much less cost. 



W. Deverell, Blackwall, Aug. 2, 1805. 

This specification describes an improved construction 
of the fire-place, an improvement in the cold water pump, 
and a saving in the method of applying the steam. The 
principal of these is that of connecting the steam boiler 
with three iron cylinders, filled with water instead of 
placing it on brick work. In describing the peculiar 
advantages resulting from this part of the invention, Mr. 
Deverell says, " In the present mode of settin^f boilers, 
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the brick work underaeath them is attended with Irequeiit 
repairs, owing to tlie action of the fire upon them ; nor is 
this expense the only inconvenience : the whole concern 
is, for the time that (hey are repairing, completely stop- 
ped." These inconreniences Mr. Deverell proposes to 
remedy by the adoption of metallic supports for the 
boiler. 

As a more economical mode of applying the steam, Mr. 
Deverell, like Mr. Woolf, proposes to have two working 
cylinders, placed near to one another, each having a pipe 
of communication with a large vessel, in which the steam, 
after passing from (he small cylinder, is suffered to expand 
itself before entering the large cylinder. The pistons in 
the two cylinders work alternately up and down by means 
of valves or cocks, opening and shutting as in the common 
engine. Suppose the small piston has made a stroke, and 
a passage is opened to the steam vessel at the end of the 
stroke ; at first beginning to work the engine the vessel 
will be fiill of steam of about eighteen pounds pressure, 
admitted from the boiler, but afterwards will only be sup- 
plied by the steam (brown in from the small cylinder. If 
the steam in the boiler be of forty-four pounds pressure 
per square inch, the ratio of the two working cylinders 
may be as one to three, for then the smaller one will 
supply the larger with steun of about eighteen pounds 
pressure. 

Mr. D. states that the improvements thus effected con- 
sist in a saving of the pressure of the atmosphere, and in 
the steam which would otherwise be discharged and use- 
less going from the smaller working cylinder to the steam 
vessel, and from thence to the larger working cylinder, 
from which it is afterwards drawn off and condensed. 



S. MiLLen, Gresee Street, St. Pancras, Oct. 30, 1805. 
J. Trotter, Sobo Square, Nov. 14, 18%. 

A. Flint, Northampton Street, Nov. 16, 18(K. 

This ei^iup, which may be used either as an hydraulic 
machine, and impelled t>y a continnoug stream of water, or 
as a rotative steam- eng-iue, consists of two hollow cylinders, 
one of which is so much smaller Ihau the other that it may 
lie within it. They are both to be turned true, and placed 
coQcentrirally : (hey are also fiimisbed with flat steani- 
t^ht tops and bottoms, either cast with them, or fastened 
by screws. The inner cylinder has a partition in its middle 
parallel to its top. It revolves within the outer cylinder, 
and has a pipe passing through the centre of its top and 
that of the outer cylinder, from its upper division, in the 
latter of which tops it is made steam-tight by stuffing 
boxes. This pipe commuoicates with another, that passes 
to the boiler, having the parts iu contact with it also made 
steam-tight so as to admit of its circular niotion. Another 
pipe, in a similar manner, passes from the lower division 
of the inner cylinder through (he bottom of the outer cy- 
linder, to form a connection with the condenser. 

From the side of the inner cylinder projects a piece 
similar to a piston, which fills the section of the cavi^ in 
the line of the radius, between the two cylinders: this 
rectangular piston is so contrived, that it may be stuflTed 
round the edges and be made steam-tight. 

The outer cylinder has two semi-cylindrical cavities cast 
in its sides opposite to each other, with their open parts 
turned inwards; each of which isof sufGcientsize to admit 
within ita portion of a smaller cylinder, which is placed up- 
right between the two large cylinders. In these spaces 
are placed valves, which retire alternately into the lateral 



cavities of the outer cylinder to admit the piston to pass by 
them. These valves consist each of the segment of a cy- 
lioder of the height of the inner cylinder, connected with 
a circular top and bottom, turning on centres ; and an axle 
irom each passes through the top of the outer cylinder, 
through steam-tight joints, by which it may be turned 
round from without. 

At one side of the piston a perforation is made into the 
tipper cavity of the inner cylinder to admit the steam ; and 
at the other side of the piston a similar perforation is made 
into the lower cavity of the inner cylinder to form a com- 
munication with the condenser. An arm also projects from 
the revolving steam-pipe, which as it moves round strikes 
i^inst other arms projecting from the axles of the valves, 
and opens them in succession, while connecting rods pass- 
ing between the arms of the valves and other arms, are so 
arranged as to close one valve when the other is opened. 
The steam being now admitted will pass on from the 
fit«am-pipe through the upper cavity in the inner cylinder, 
to the space intercepted between the two large cylinders, 
the shut valve, and the piston, and will impel the piston 
round till it has passed the open valve ; after which the 
revolving arm before mentioned closes the open valve, and 
c^tts the shut valve, which operation is successively re- 
peated, lu the mean time the confined steam enclosed in 
the space first mentioned, escapes at the opening of the 
valve into the lower cavity of the inner cylinder, and from 
tbence to the condenser, and thus maintains that inequality 
of pressure at the opposite sides of the piston which causes 
it to revolve. 



C. CoE, London, 1805, 
Application of heat. 



J. M'NiVOHTOii, LihkIoii, 1605. 
Saving fuel. 

R. DoDD, London, 1805. 
SaTing fuel. 
R. ffiLtcox. Lambeth, May 21, 1806. 
Mr. Willcox's iinproyed steam cng^ine consists of aii 
outer fixed cylinder, and an inner revolving- one, each 
fnmished wilb pallets or cocks, which in passing each 
other are moved so as to recede from each other's way ; 
but in other parts of the circle they project so as to tra> 
verse the space between the two cylinders, and form steanu 
tight partitions, one of which being fised, and the other 
moveable, the steam forces the latter round, and with it 
the moveable cylinder, the axis of which gives motion to 
the machioery for which the engine is erected. On une 
side of the 6xed pallet is a valve, which by a pipe com- 
mtmicates with the boiler, and on tlie other side is placed 
a second valve which leads to the condenser. The ends 
of the cylinders are made steam-tight by rii^ which press 
the packing against them; and the edges of the pallets 
arc made steam-tight by the intervention of a hnnpeu 
cloth. That part of the surface of the cock which comes 
in contact with the revolving cylinder, has a ^oove cut 
down it, into which a piece of metal is fitted, that is pressed 
•gainst the cylinder by screws, so as to come in close 
contact with the revolving cylinder. In cases where tb'm 
eitgine Lx employed to raise or give motion to any fluid in- 
troduced within its interior chamber, the effects produced 
will be similar lo those of a liftiog or forcing pump, and it 
is likewise applicable to all engines which operate by 
giving motion to fluids. 




R. UoDD, Chitnge Alley, London, June 6, 1806. 
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W. Nicholson, Soho Square, Not. 22, 1806. 
The melbod in which steam is directed to be applied in 
the specification of this patent, is similar (o that in which 
water acts in the ancient instrument called the water-blast, 
and in the same manner will impel forward air, or any other 
gaseous substance, in contact with the perforations of the 
tube throug'h which it passes. The apparatus su^ested by 
Mr. Nicholson consists of a boiler, from the top of wjiich a 
horizontal tube passes in a direction perpendicularly over 
the centre of an air receptacle, when it bends downwards 
for a small distance, that the current of steam proceeding' 
from it, may enter a vertical pipe beneath it, the lower end 
of which passes a little way underneath the water, with 
which the air receptacle is about half filled. The use of 
the water in the air receptacle is by condensing the steam 
to separate it from the air, so that the latter may pass on 
free from any aqueous mixture. A way is described of 
applying this operation of steam, in forcing air forward, to 
aid the water-blast, in which the water is made to pass 
through the side apertures of the descendiog pipe from an 
external vessel, while the air pressed forward by the steam, 
passes down a pipe which enters a small way into the 
upper part of the same descending pipe. 

W. Lesteb, London, 1806. 
" A Rotatory engine." 

T. BoBRNE, W. Chambehs, and C. Gould, 
Warwick, 1806. 
This is a very ingenious apparatus for roasting meat by 
the agency of steam, nearly similar to the engine contrived 
by Col. Congreve. 

J. Lamb, New York, 1806. 
Application of heat. 
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J. RoBiHSy Lnrerpooly 1806. 
Furnace. 

S. Miller, London, 1806. 
Saying fhel. 

H. Maudslat, Margaret Street, Cavendish Square, 

June 13, 1807. 

These nnprovements, as will be seen by reference to the 
plate and desoription, consist in reducing the number of 
parts in the OHnmon steam ei^^ine, and so mrai^^ing and 
connecting them as to render it more compact and portable. 
This is effected by employing metallic frames, beams, &c 
instead of wood, brick-work, and other materials preyiously 
applied to that purpose. 

A. Pollock, Glasgow, 1807. 
Saying fuel. 

R. DoDD, London, 1807. 
Economy of heat. 

J. Bradley, London, 1807. 
New arrangement of furnace bars. 

T. Preston, Tooley Street, Borough, Jan. 26, 1808. 
A new method of setting boilers. 

T. Smith, Bilston, Staffordshire, June 3, 1808. 
T. Price, Bilston, Aug. 24, 1808. 
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T. Mead, Yorksliire, Aug. 24, 1808. 
This patent is for a rotative engine, and the inventor 
employs two moveable pistons which alternately revolve 
round their axes or centres. To effect this, two circular 
plates or shells of metal are made similar in their constmc- 
' tion, each of which has a flanch and a semi-circular cavity 
formed for the reception of the pistons. A hollow pai-t is 
also formed round the centre of each for a small cireuluf 
I plate to turn in ; and near the edge of this recess a small 
[ groove is made containing the requisite packing, &c. 
t On the outside of each of the metallic shells there is 
a hollow pipe or boss for the reception of two spindles 
[ that pass through them. Two holes are also made through 

Ione of the plates for the insertion of pipes, one for the 
purpose of conveying steam info the shells, and the other 
I for conducting it from them into a condenser. One of the 
I shafts or spindles is made hollow, lo permit the other to 
pass through it. To the lower part of each of these shafts 
a piston is flxed; and each has also attached to its upper 
1 part an arm with a friction- wheel near its outer extremity. 
■ When the pistons are put in motion the friction- wheels 
' work in, and communicate motion to the fly, and other 
apparatus to be impelled. 

J. LiNNAKER, Portsmouth, 180^. 
Steam boat. 

J. CowDEN, and J. Pabtbidge, London, 1808. 
Saving fuel. 



J. P. Fesenmeveb, St. Clement Danes, June 15, 1 
E. Lane, Shelton, Staffordshire, Aug. 9, 1809, 
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W. C. EifouBii,.1ViekeiilMiai, lIor..2^ 1809. 

W. Noble, Battersea, Dec 14, 18Q9. 

S. Clego, Manchester^ July, 26, 18091 

FcNT a TOtatiye engine, the piston of which makes a ccm- 
plete rerolution in a channel at a distance from ihe centre 
of motion* Althongh this apparatus is exempt from some 
portion of the friction inherent in engines on the rotative 
construction, it stfll remains more considerable than Mr. 
Clegg seems to suppose. The difficulty also of making 
such an extent of surfece air tight, and the liability of 
some of its parts to derang^neAt, appear great drawbacks 
upon its utility. 

J. Grbllier, Aldborougb-Hatch, 1809. 

Saying fuel. 

J. Murray and A. Anderson, Edinburgh, 1809. 

Application of heat. 

J. F. Archbold, London, 1809, 
Application of heat. 

W. Johnson, Blackheath, 1809. 
Heating fluids. 

N. Booker, Limekiln Hill, Dublin, 1809. 

Saving fuel. 

R. Scantlebury, Redruth, 1809. 
Certain improvements. 



R. Witty, Kingston-npon-HuU, Feb. 12, 1810. 

This invention consists in raaicing, arranging;, and com- 
bining the reciprocating rectilinear motion with the rota- 
tive in such a manner that the steam-cylinders, with 
pistons moving in them in a rectilineal direction, do at the 
same time tarn upon a. horizontal axle or shaft. To effect 
this the patentee employs four cylinders fixed at right 
angles to each other on a hollow nave or axle, by means 
of screw-bolts ; and the pistons working in these cylinders 
are made tight at their extreme ends by the usual pack- 
ing. These pistons, which are firmly connected together 
in pairs, by reciprocating rods, must be made of snch a 
weight, that a vacuum in one of the cylinders may easily 
raise them both together in a perpendicular direction. An 
axle which is fixed horizontally is ground air-tight into 
the hollow nave, like the key of a cock, with two ducts or 
tubes in it; one of these tubes is placed at the upper side 
of the axle, and is connected with the steam pipe ; the 
other is fixed on the opposite side, and joined to the pipe 
that leads to the condenser. Each cylinder is made to 
communicate through the hollow shaft where the two 
dncts in the fixed axle (which resemble two water ways 
in a cock) correspond with each other, and at each half 
revolution the holes in the bottom of the cylinders open 
alternately into these two ducts. The hollow shaft must 
be made of sufficient length on each side of the wheel to 
admit of being supported in brass pivot holes. The cylin- 
ders and pistons being thus arranged, and one pair of 
them being nearly in a vertical position, if the steam be 
admitted into the upper cylinder by the proper duct, its 
expansive force will raise this pair of pistons, and thus 
destroy the equilibrium of the wheel, producing a rotatory 
motion. In revolving, each of the cylinders will be filled 
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with ateam from the upper duct, and discliai^ed when 
they descend to the lower one. Thus after the cylinder 
has cleared itself of air at the commencement of its opera- 
tion, the lower cylinder will be under a Tacuum, while 
the upper one connected with it, will be receiving steam 
from the boiler. Hence the pistons will evidently be con- 
stantly receding from the centre on one side of the wheel, 
and approaching the centre on the other, thus producing 
a continuous motion. 

A. Wool.?, Lambeth, June 9, 1810. 

The working cylinder for this engine has no bottom, 
but is enclosed in another cylinder of such dimensions, 
that the space between the two is equal, at least, to the 
contents of the working cylinder, the lower rim of which 
is about the same distance from the bottom of the enclo^ 
ing cylinder, as the sides of tbe two cylinders are apart. 

Into the enclosing cylinder such a quantity of oil or &t 
is put, as shall, when the piston is at its greatest height in 
the working cylinder, fill all the space beneath it, and 
also 611 the enclosing vessel to the height of a few inches 
above the lower rim of the working cylinder. A small 
quantity of oil is also poured in above the piston. If 
the engine is to be open to the atmosphere, the enclosing 
vessel has a communication with the boiler above, which, 
when opened, causes the oil or fat to ascend beneath the 
piston as it rises ; and when the passage to the boiler is 
closed, and that to the condenser opened, the pressure of 
the atmosphere forces the oil back again into the enclos- 
ing vessel. In a closed or double engine, the communi- 
cations from the boiler and condenser are to be to the top 
of the working cylinder, and to the bottom of the enclos- 
vessel. In the event of evaporation, means are to be 
provided by cocks, or valves, and a spring pump, to keep 
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the oil at,a due he^ht over the piston. By thus interpos- 
ing' oil between the piston and steam, both above and 
beneath, a considerable saving of steam, and consequently 
of fuel, is effected. 

D. Cock, London, 1810. 
Heating fluids. 

W. DocKSEY, Bristol,, 1810. 

« * 

Application of heat. 

W. Clbrk, Edinburgh, 1810. 
R^idation of heat. 

■ 

W. Chapman, Newcastle, 1810. 
Steam Wheel. 

J. Justice, Dundee, 1810. 
Application of heat. 

S. Adam, Connecticut, 1810. 
Certain improvements. 

J. Craioie, Quebec, 1810. 

* 

Saving fuel. 

R. Witty, Kingston-upon-HuU, Oct. 30, 1811. 

This specification describes several improvements on a 
prior patent obtained by Mr. Witty. They consist princi- 
pally in making the piston draw or force round the ma^- 
chinery to be worked by it, whilst itself moves both in a 
rectilinear and rotatory directio9 in a cylinder, or ste^m:^ 
vessel, which also revolves upon an axis. 

To admit th^ action of the: steam, and of the condenser, 
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ID the revolving cylinder, it; axis ia bored lengthways in 
two places, so at to form two passages, each of which cum- 
manicatee by lateral pipes with tlie end of the cylinder 
opposite to the side of the axis in which it lies ; the ex- 
tremity of this perforated axis is formed of a conical shape, 
and turns in a box made to 6t it, in the same manner that 
the revolving part of a common cock turns in its barrel. 
From the upper part of this box a pipe pa.s.ses to the 
steam-boiler, and from the lower part another pipe pro- 
ceeds to tbe condenser, and lateral apiertures are made 
throiigh the sides of the axle to the two passages within it, 
which, as the axle turns, alternately communicate with 
the steam-pipe and the pipe of the condenser in the box 
in the same manner as a two-way cock is made to act. 

Several principles are mentioned by the patentee, on 
wJiich the cylinder prepared as above, can force itself 
round; which are ail of the nature of crank or cardioid 
motions. The first of these principles stated by the pa- 
tentee eBects a rotatory movement by the action of a 
moving groove on a fixed centre; which groove is placed 
at right angles to the cylinder, in a frame that is connected 
with piston-rods proceeding from tbe opposite ends of the 
cylinder, and of course partakes of their alternating mo- 
tion. Another principle consists in the operation of the 
ends of piston-rods, proceeding from the opposite extre- 
mities of the cylinder; on the outside of tbe rim of a large 
wheel, whose centre is placed at the distance of about half 
tbe stroke of the piston from tbe axis of the cylinder. Tbe 
rim of the wheel projects so as to extend to the line of the 
piston rods, which are bent round to support friction wbeeis 
outside it, that alternately come in contact with steps on tbe 
rim, and by them force round the wheel, by a motion 
similar to that which levers would cause, wheu made to 
press alternately on the outside of a heart-wheel. 
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C. Broderip, Great Poland Street, Nov. -2, 1811. 

J. MiERs, LoDdon, 1811. 
Saving fuel. 

M. LoQAN, Botberliitbe, 1811. 
" Generation of heat." 

W. Good, London, 1811. 
Valves. 

J. Trotter, Loudon, 1811. 
IroprovemeDts in the application of steam. 

G.GiLPrif. Sheffield, 1811. 
Application of steam. 

H. James, Birmingham, 1811. 
Steam boat. 

T. Deakict, London, 1811. 
Saving fuel. 

K. W, Fox and J. Lean, Budock, near Falmouth, Dec. 10, 
1812. 
The two principles on which the patentees profess to 
have founded their improyements upon furnaces, are, 
First, that an artificial blast will produce an equal quan- 
tity of heat with one-fourth less fuel than the usual open 
draught; and, Secondly, that the separation of that part 
of the boiler, which is immediately over the fire, will 
permit steam of a higher temperature to be collected, 
which might be advantageously applied in its pass^^ to a 
lower temperatuFe. In this conatnictioi) the air for the 
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0f thefoel is not permkled toenfar Ae lower 
parts of the fire-place in the osnal way, bat is injected or 
forced through openings by machinery attached to the 
steam engine. 

W. Chapmah, Merton House, Durham, Sfec. 13, 1812. 

In this patent a moveable chain is employed to impel 
carriages upon a plain road instead of the crank usually 
applied to the carriage wheel. Mr. Chapman also employs 
an additional number of wheels for the support of the car- 
triage, by which means a considerable saving in the cost of 
the rail-way is effected. 

J. Sutherland, Liverpool, 1812. 
Boiler and evaporating vessels. 

H. OsBORN, Bordesley, 1812. 
Manufacture of cylinders. 

H. HiooiNsoN, Ijondon, 1812. 
Steam boat. 

V 

J. Steele, Liverpool, 1812. 
Application of heat. 

W. Onions, Paulton, 1812. 
Steam wheel. 

W. Brunton, Butterley, Derbyshire, May 22, 1813. 

The pedestrkm apparatus or walking machine described 
by Mr. Brunton, is constructed to obviate the necessity of 
employing ah iron rail or carriage way. This he attempts 
to effect by the use of metal legs occasionally raisied and 
depressed by the power of a steam engine shnilar to the 
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motion oftbe Immfln frame, wlien id the act ofwalking^. 
That this however is not considered sufficient, even by the 
patentee, we have abundant proof, and the specification 
contains a description of various modes of connecting the 
machine with an iadented rail, &c. any of which are in the 
full as expensive as the common toothed wheel and track 
road employed by Mr, Blenkinsop. 

R. DwNKiN, Penzance, Jan. 30, 1813. 
For lessening the consumption of steam and fuel. 

R. Witty, Kingstou-tipon-HuU, June 5, 1813. 

J. Barton, Tufton Street, WestminBter, Nov. 1, 1813. 



J. Sutherland, Liverpool, 1SI8. 
Furnace, 

C. Broderip, London, 1813. 
Boiler. 

J. White, Leeds, Dec. 14, 1814. 

W. A. Noble, Riley Street, Chelsea, March 23, 1814. 

J. U. Rastrick, Bridgnorth, Salop, April 1, 1814. 

T. TiNOALL, York, June 18, 1814. 
For improvements in the application of steam to the 
propelling of carriag'es. 

R.W.KISG, London, 1814. 

Bmling water. 
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J. Slatsr, Binniiiffhiiiii^ 1814. 

Boiler. 
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B. Dodo and 6. Stsphenson, Killingwprdiy NorthiunW- 

land, Feb. 28^ 1815. 

% 

For improTements in tbe construction of locomotive 
eng^es. 

W. LosHy Nordramberlandy April 8^ 1815. 

The first object to be attained by the adoption' of this 
patent is a considerable saving in the consumption of fuel 
employed in heating the boiler. This' the patentee 
proposes to effect by employing two furnaces^ and 
thus preventing the usual current of cold undeeomposed 
atmospheric air from passing alpng with the heated gase- 
ous matter. When the atmospheric air in this undecom- 
posed state comes in contact with iron, and some other 
metals at a high degree of heat, it has the effect of oxidat- 
ing their surfaces, both by its own decomposition, and by 
that of the water which it always carries with it; and 
those oxidated surfaces separate in successive coats of 
scales, till by degrees, the metal is entirely corroded away : 
so that by the adoption of Mr. Losh's plan, a considerable 
saving in the expense of repairs and loss of time in re- 
placing the boiler is effected. 

M. BiLLiNGSLET, Bradford, Yorkshire, April 20, 1815. 

R. Trevithick, Cambrbne, Cornwall, June 6, 1815. 

' In addition to the packing usually ^nployed in the 
high-pressure engine, Mr. Trevithick introduces a column 
or ring of water, which running round the piston renders 
the whole air-tight. By this means he avmds a g^eat pro- 
portion of the usual friction, a very moderate degree of 



tightness in the packing being in practice found sufficient 
to prevent the passage of so dense a fluid as nater. The 
second part of this invention consists ia causing steam of a 
high temperature to spout out against the atmosphere, and 
by its recoiling force to produce motion in a direction con- 
trary to the issuing stream, similar to the motion produced 
in a rocket-wheel, or to the recoil of a gun, by which 
means a rotative action is produced. Mr. Trevithick also 
describes tliree other improvements on the high-pressure 
engine, the latter of which, though only applied to nauti- 
cal purposes, is by far the most importaDt, It consists in 
employing a spiral worm or screw similar to the vanes of 
a smoke-jack, which being made to revolve at the head or 
stern of the vessel, produces the required motion. 

H. HouLSWOHTH, Glasgow, 1815. 
Discharging condensed water. 
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IV. Moult, London, 1816. 
Furnace. 

J. CoTLER, Loudon, 1815. 

Supplying fuel. 

W. and M. Beaver, Glamorgan, 1816. 

Furnace. 

Marquis De Chabannes, 1816. 
Saving fuel. 



J. T. Dawes, Bromwich, Stafford, Feb. 6, 1816. 
The parallel motion usually employed is in this engine 
rendered unnecessary by the immediate application of the 
piston to a crank, whose arbor supports the fly-wheel, and 
communicates motion to the connecting apparatus. 



G, F, Mctct, IWiMiifcfcM, MmA % ISlft, 
For a bciImmI of wbttmg, cr mttmAj deiiioyiiig mnokCf 



A. Booms, Bdifas, WmA 23, I8I& 
For HI M i profg d ■i.tfcod rf iittkg boilen. 

W. Stexsox, ColcAdl, April 9, 18I& 



G. BoouET, Exeter, April 27, 181& 
For HI iag i w. to work cilkr by ^teun cnt water. 



J. Nbtillb, St lkM Bphm Sqnve, Aug. 14, I816L 
For a aew and ■aiirofred nediod 



W. LosH, NewcMde-npoA-iyiie, S^ 30, I8ia 

nm pvt of Mr. Lofik's patent wbkk rdates to die fe- 
nrmntirr mpar^ r mi l ii ii i j ia mi Mip nnTd mndr of connect- 
11^ and snpportnig the appaiatos by means of pistoDS 
workiiig ia frtraM t%;bt cjttiden, whidi ansireis die pur- 
pose of a spriag- cvriige, and fwodiices a contiaaed 
eqaililwnim IB the Tarwoa parts of tbe engine. 



B. DoKKiw, Soney, I8ia 
Boding 



P. Tatlob, Brondey, 1816. 
Ai^lying heat. 

R. Stibuhg, Edinburgh, 1816. 
Sarii^ fuel. 

J* TuaaEa, Layton, 1816. 
Rotatory engine. 



t ^. t . J. Ghegson, London, 181P. 
Supplying fuel, 

G. Mainwaring, Marsh Place, Lambeth, May 22, 1817. 
This invention consists in conveying the steam (after 
leaving the cylinder in order to be condensed) through a 
passage or passages surrounded with water supplied from 
the hot well. In these passages are fixed a number of , 
metal pipes or tubes which are filled with water from the 
surrounding casings, and which has its temperature in- 
creased by contact with the steam passing to the con- 
denser. The water thus heated is conveyed by a force- 
puiDp to the boiler, and a considerable saving of fuel is 
thus effected, 

J. Oldham, South Cumberland Street, Dublin, Oct, 10, 

1817. 

For an improvement in the mode of propelling vessels 

by the agency of steam. 

M, Poole, Lincoln's Inn Old Square, Dec. 15, 1817. 

W. A. Osborne, Bordesly, 1817. 
Boring cylinders, 

G. Stratton, London, 1817. 
Saving fuel. 

W, Moult, Bedford Square, Loudon, Jan, 15, 1818, 

J. Scott, Bengo Place, Surrey, Jan. 23, 1818, 
For an improved mode of propelling steam-boats. 

J. Mwnao, Finisbury Place, Middlesex, Feb, 12, 1818, 
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J. RoCTLEDOE, Bolton*le-Moor, Lancashire, Feb. 27, 
1818. 

For improvements upon the rotatory enginp. 

W. Church, Cliftoc Street, Finsbury Square, April 8, 

isia 

T Jones and C. Plimley, Birmingham, May 7, 1818. 

In thJB specification the patentees describe an apparatus 

intended to operate either as a blast or steam engine, and 

the piston is rendered air-tight by means of a column of 

water. 



J. Mallam, Marsham Street, Westminster, Aug. 6, 1818. 

SiH W. CosoBBVE, Cecil Street, Westminster, Oct. 19, 
1818. 

The principle upon which elastic vaponr is employed m 
this engine, consists in collecting its force beneath the 
pressure of a column of water or other heavy fluid, and its 
effect to produce motion will then be regulated by their 
re-acting pressure. 

To apply this force to the greatest advantage, this in- 
genious experimentalist recommends the employment of an 
apparatus resembling the overshot water-wheel, but in 
this case the wheel is immersed in a fluid in which it is 
made to revolve, aud the steam entering beneath the hol> 
low boxes or float boat is made to produce a continuous 
rotatory motion by its ascent to the surface. 

J. Frxseb, Long-Acre, London, Nor. 12, 1818. 
For improvements in the steam-boiler. 

R. Wmoht, Token-House Vard, Loudon, Nov. 14, I8I& 



ti--. L. Cochrane, and A. Galloway, 1818. 
>))' ^l1l hoini'Macliiue for consiuuiug smoke. 

W.MocLT, London, 1818. 
Certain improvemente. 

A. Halibbrton, Wigan, 1818. 
Furnace. 



P. Taylor, Bromley, ISIS. 
Applying heat. 

J. Ikin, Cliristchurch, 1S18. 
Furnace bars. 

Marquis De Chabannes, London, 1818. 
Boiler of tubes. 

H. Creighton, Glasgow, 1818. 
Regulating the admission of steam, 

J. Seaward, Kent Road, London, April 3, 1819. 
For an improved mode of generating steam. 

W. Brcnton, Birmingham, June 2S, 1819. 
An account of Mr. Branton'a mode of consuming 
' smoke, will be found in a preceding page, 

I G. KiLLEv, Bri^in, 1819. 

I General improvements in the construction. 

J. PoNTiFEx, London, 1819. 
Improvement on Savery's Engine. 



J. Oldsam, SouA CmJjohmAatMn^j^f^ ig^ Iggl^ 



For anpfOTOiieiito en a |iief iou pofcaiy ^atod Od;. Ifl^ 
1817. 

J. Baktoh, Falcon Sqnate, Loadm, Mqr 15^ 1830. 

J.Hague, Great Earl Street, SpiftaUkUB, Jane 3, 1820. 

J. Wakefield, Ancotfs Mace, Bfandieflter, June 6^ 1820. 

For improrenieDtB in tbe coostmctioa of fimiaces bj 
which a saying of fuel may be effected. 

W. BnuHTOH, Birmingham, 1830L 
For an improved mode of oonstrocth^ fbmaces. 

J. Rider, Belfast, Ireland, Jolj 20, 1820. 

For improvements capable of producing a concentric 
and revolvii^ eccentric motion, a^licable, to steam en- 
gines, &c. 

J. Moore, Castle Street, Bristol, Dec 9, 1^0. 
For an ingenioos, dioogh we fear useless, rototary engine. 

W. Pritchard, Leeds, Ycnrkshire, Dec. 2^ 1820. 
For a saving of fuel by die combustion of smoke. 

W. Carter, Middlesex, 1820. 
Greneral improvements. 

J. Parkes, Warwick, 1820. 
Consuming smoke. 

W. Alderset, Homerton, Middlesex, Feb. 3, 1821. 



T. Mastbbmar, Broad Slreet, Ratciiffe, Feb. 10, 1821. 
For a rotatory engine which we have already very fully 
described. 

R. Stein, Walcot Place, Lambeth, Feb. 20, 1821. 

H. Pgnneck, Penzance, Cornwall, Feb. 27, 1821. 
For lessening the consumption of fuel. 

H. Browne, Derby, March 16, 1821. 
For saving fuel and consuming smoke. 

A. Manbv, Horsely, Staffordebire, May 9, 1821. 

T. Benset, Bewdley, Worcestershire, Aug. 4, 1821. 

F. A. Egeli-s, Britannia Terrace, City Road, Nov. 9, 
1821. 

C, Broderip, London, Dec. 5, 1821. 

J. GRiFFrrH, Crompton Crescent, Dec. 20, 1821. 
For an improved locomotive engine, 

J. Bates, Bradford, 1821. 
Feeding furnace. 

R.DELAP, Belfast, 1821. 
Steam wheel. 

J. Dickson, London, 1821. 
Transmitting beat. 

P. Devey, London, 1821. 
Preparing fuel. 
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P. LovDOv; LoBdoB, 18SL . 
Ffurmoeb 

« 

N. Arhot, London, 1821. 
Furnace and bofler* 

•* . - - 

Sir W. Cohorete, London, 1821. ' . . 

Addition to a former patent. 

J. Gladstone, Castle Douglas, Oallowaj, l)ee. 20, 1821. 
For an improyement in the constmction of steam vessels. 

G. Stephersoh, Long Benton, Nbrthmnbeiland, March 

21, 18^. 

A. Clark, Dron, Fifeshire, March 21, 1822, 
For an improvement in Ae boiler and condenser. 

M. L BauiiEL, Chelsea, Middlesex, June 26, 1822. 

J. Smith, Sheffield, Yorkshire, July 4, 1822. 
For an improvement in the boiler. 



I 



Messrs. Beningfibld and Bbale, Hiigh Street, White- 
chapel, Sep. 27, 1822. 

Messrs* T. and J. Bums, Tottenham Court-road, Oct. 18, 

1822. 

For improvements in propelling vessels, and ki the con- 
struction of steam engines and boilers. 

T. Leach, Blue Boar Court, Cheapside, Oct. 25, 1822. 
J. Perkins, Fleet Street, Loadon, Dec. 10, 1822. 



W, JoHNSOB, Great Totham, Essex. Jan. 8, 1823. 
For a means of obtaining the power of steam for the 
use of steam engmes, withredaced expenditure of fuel. 

J. Perkins, Fleet Street, London, June 5, 1823. 

Messrs. Fisher and Horton, Westbroniwich, Staiford- 
shire, July 8, 182a 
For an improvement in the construction of boilers for 
steam engines, and other purposes where steam is re- 
quired. 

Messrs. Bower and Bland, Himslet, Leeds, Yorkshire, 
July 31, 182;3. 
For ao improvement by which the air pump is rendered 
L unnecessary. 

I W. WiGSTOK, Derby, Derbyshire, Aug. 11, 1823. 

i 

Messrs, Perkins and Martineau, Hill Street, Londoo, 
I Nov. 20, 1823. 

i For an improvement in the construction of the furnace 

of steam boilers and other vessels, by wiiich fuel is eco- 
I nomieed and the smoke consumed. 

I 

f" Messrs. Fchnival and Smith, Droitwitch, Dec, 9, 1823. 
For an improved boiler. 

L S. Hall, Basford, Nottinghamshire, April 8, 1824 

I For an improved steam eng^ine. 
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P, Taylor, City Road, London, July 3, 1824. 
W. FoBEHAN, Bath, Somersetshire, Oct. 7, 1824. 



2d8 

P AiBGfipB, Commmaal Boad, Middlestex» Qet. 7* IBSU. 

For an improFed method of generatiiigi (rtenn" appli^ 
cable to j^team endues and odier useful purposetA. 

Messrs. Maudslat and Fiexd, Lambeth, OdL 14, 1824 

For a method of changing the ¥pater used in boilai^ for. 
generating steam, particularly applicable to the boilers of 
steam_ vessels making long royages, by prerentrng the 
deposition of salt or other substances contained in the 
water, at the same time retaining the heat, saving fuel, 
and rendering the boilers more lasting. 

I 

J. MooRE, Broad Weir, Bristol, Nov. 6, 1824. 
A. TiLLOGH, LL. D, Islmgton, Jan. II, 1825. 

Messrs. Burnstall and Hill, Bankside, Southwark, 

Feb, 3, 1825. 

For a locmnotive or steam curriage. - 

MesfiH^. Oilman and Sowerbt, Whitechapel Road, 

April 13, 1825. 

For improvements in generating steam, and on engines 
to be worked by steam or other elastic fluids. 

J. C. C. Raddatz, Salisbury Square, Fleet Street, May 

14,1825. 

W. H. James, Coburg Place, Winson Green, Birmingham, 

June 14, 1825. 

For improvements in the construction of boilers for 
steam engines. . 
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Messrs. Thompson and Barr, Vincent Square, West- 
minster, June 21y 1825. 

For improvements in producing steam applicable to 
steam engines, or other purposes. 

J. A. Teissier, Tottenham Court Road, Sep. 15, 1825. 

G. Gurnet, Argyle Street, Middlesex, Oct. 21, 1825. 

For improvements in the apparatus for raising or gene* 
rating steam, &e. 

L. W. Wright, Princes Street, Lambeth, Sony, Oct. 21, 

1825. 



APPENDIX (B). 



Abiiract of Evidence and Reports made by a select Com' 
mittee of the House of Coumums^ on Steam Engines 
(ind Furnaces. 

MICHAEL ANGELO TAYLOR, ESQ. 

Li the Chair. 

Mr. Joseph Greoson, Surveyor, called m and exa^ 
mined. Was of opinion that the nuisance that arose from 
the smoke of steam-engine furnaces might be attributed to 
two causes : one, the putting on the fire or furnace too 
much crude fiiel at one time ; the other, fisom the chimnies 
being commonly too low, in proportion to the fuel con- 
sumed. — ^Had seen this nuisance efiectually r^noved; but 
it had generally been attended with an increased con- 
sumption of fiiel : it was seldom adopted but where the 
parties had been or were under an indictment. — ^His own 
invention consisted in causing all the smoke after it had 
arisen from the fire, to return into the heat of the fire be- 
fore it entered into the flue or chimney, and so was con- 
sumed ; 2ndly, By putting on no more fuel at any one 
time than the smoke of which can be so consumed, and 
that without opening the furnace door for the purpose ; 
3rdly, By supplying every fire with air, in order to coun- 
teract the efiect of those winds that operate against the 
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draught, — Had employed it in tbe fires and boilers of pri- 
vate houses, under steam-engine boilere, and in welding 
furnaces, where a number of bits and scraps of iron were 
packed together, and subjected to an intense heat; they 
were, in that state, then rolled or hammered into one com- 
pact body. — The result however in tbe latter case was, 
that although every thing acted according to the plans 
laid down, and the lire was regularly supplied with fuel, 
and the smoke completely destroyed, yet the heat neces« 
sary to weld those scraps of iron tt^tber could never be 
attained, and this was in consequence of the continued 
repetition of the supply of tiiel, damping and preventing 
that heat coming over which arises after all the volatile 
parts of the fuel have been driven ott'; and which beat, 
being entirely pure, was called a white or welding heau 
The furnaces requiring a "ivhite heat and higher degrees, 
were welding, melting and smelting furnaces, and vitri- 
fying furnaces, as the making of ^lass and porcelain. 
The melting and smelting furnaces were in many instances 
supplied only with coke, but witness was not aware that a 
welding or glass ftimace could be at all worked with 
coke. — Considered that a good effect would be produced 
by raising (he chiranies; as by increasing the draught the 
smoke would be then more consumed, and by its height 
more dispersed by the wind. — For every fire consuming 
one bushel of coals per day, the chimney should be at 
least thirty feet high, and one foot higher for every 
additional bushel consitmed. measuring from tlie body of 
the fire. — At the new steam engine of 100-horse power at 
the East London Water-works, Old Ford, there ivas a . 
method of consuming the smoke; a singular plan was ; 
adopted at the com mills at Islington, Livei'pool ; at the 
com mills Newcastle, Stafford, a steam engine, of fourteen- 
horse power, had worked for nearly a whole day withont 
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smoke, owing- to tbt' quality of the con), which was only 
6d. per cwt. ; at the lead niilK Tottenham Court Road, a 
email sleani en^ne was worked with coke ouly; at a 
brewery in Stafford, a Hmall steani engine, and a larg;e one 
at the Meddock Mills, Manchester, consumed the smoke 
on the patent principles; in all, six different engines. — 
Bemarked, however, that under the very best circum- 
stances and contrivances, there were times in which the 
smoke of crude fuel could not be consumed, viz. at the 
first lighting of the fire, and at any sudden changes of 
damping or raising the fire. — The expense of setting up a 
six-horse engine, on the \vitness'8 plan, would be about 
16/; ami a thirty-six one, about 30/.; or 32/.; an old 
furnace could be altered for 16/. and it would be about 
one-tenth saving of fuel ; it would be upon the gninmg, 
and not the losing side. — In point of fact, the expense vf 
the application of this patent would be shortly saved by 
the saving of fuel. The same principle would also apply 
to the sleam packets. The smoking of an ordinary 
chimney was removed by a common fire oonstnicled on 
that principle. The expense of aJtering an old engine of 
a hundred-horse power, upon the new principle, would 
not be less than 100/. — In the making of gas, the coal was 
only subject to a red heat, and the gaseous vapours of 
which might be considered as distilled over, while the 
principal part of the fuel remained as coke ; but in a 
common furnace the coal' was entirely consumed, leaving 
only ashes or a vitrified clinker; the smoke containing 
much lunmoniacal matter, could not be burnt but in a very 
intense heat, approaching to a white or welding heat; 
consequently, when the smoke was burnt under the boiler 
it was very destructive to the metsi ; but being burnt upon 
his principle, that destruction was wholly avoided; the 
Mnoke was thus subjected to the required heat, an entire 
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change or ilecom posit ion tnkingf placf?, nnd the product 
was principally Bteam; whereas the coal gas never havings 
been subjected tu that heat, there was greater difficulty in 
freeing it from its impurities; therefore the vapour arising 
from burnt smoke, was more pure than that arising from 
the burning of coal gas. 

Mr. William MoPLT, Assistant to Messrs. Cooke, called 
in and examined. The fumier mode of heatingthe boilers, 
■was by putting the coals over the bars in the common 
way; but his improved method was to make the flame 
come over the coals, which were laid upon an iron plate, 
and the flames made to pass over the surface of the coals 
upon the iron plate which lighted the coal at the top, and 
the red part of the coal was next the bottom of the boiler; 
by that means, the smoke as it rose from the coals was 
consumed in its passage over the bars. — The consumption 
of fuel with the old boiler was regularly eighteen bushels 
of coals iu twenty-four hours: but when altered in this 
manner, twelve bushels produced a similar eflect. The 
sraoke bore no proportion to what it was under the old 
method. Had put up a small boiler for a steam engine 
upon the same plan, and found it answer. Thought it 
would be applicable to soap manu factories, because their 
boilers were generally long boilers : in some steam engines, 
it would be difiicult to do it, because the tire was obliged 
to rise in the front, and pass that way. 

George Lehan Tdthill, M.D. of Soho Square, called 
in and examined. Believed the atmosphere of London to 
be prejudicial to health ; the accounts which had been pub- 
lished at different times, concerning the relative duration of 
life in London and in the country, might be considered as 
Imviog proved that duration to be considerably diminished 
by a residence in this metropolis. It was probable (hat 
ibis depended upon the atmosphere of London. There 
r2 



WHS a ^eat rariet)' of causes wliicb contributed to render 
that atmuspbere unfavourable to tiealth ; and it might be 
presumed that the quantity of carbonaceous^ matter sus- 
pended in it, was one of t)ie causes of its insalnbritj. The 
rapid advancement to recovery which we frequently see 
in sick persons, during; a short residence in the country, 
proved the influence which the atmosphere of Loudon had 
upon health; there were many diseases incident to the 
human body, in which the influence of that atmosphere 
might be more easily detected thmi in a state of health. 
In certain diseases of the Inng^, especially, it might be 
proved that the smoke of London was prejudicial. — Con- 
ceived that the fog peculiar to Loudon, so different in its 
sensible properties from any fog in the country, depended 
upon the smoke of the metropolis, and was prejudicial in 
many diseased states of the lungs. — The greater the 
^uautity of carbonic acid gas in a given rolnrae of air, the 
greater would be the insalubrity of that air. But in 
crowded cities, the air was contaminated from a variety of 
other causes, which chiefly owed their origin to the exha* 
lations, either from the living animal body, or from 
decomposing animal and vegetable matter, when the 
principle of vitality was extinct. — Conceiveil the smoke 
arising from steam-engine furnaces might be prevented : 
it could be effected by making the smoke pass through an 
ignited tube, whilst the combustion of the soot was there 
assisted by a fresh current of atmospheric air. Saw no 
reason why a simple apparatus might not be so contrived, 
as to render that combustion complete. But it appeared 
to be deserving of consideration, whether this anuihilatioi) 
of smoke ought to be confined to manubctories. If, in- 
stead of burning couunon coal, that fuel were first divided, 
as it now was in the gas-light manufactories, into coke 
and carburetted hydrogen gas, and these were afterwards 
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consumed in union, the brilliancy and warmth which waa 
now enjoyed by the Are-side would, to say the least, be 
undiminished, whilst the smoke would be entirely de- 
stroyed. This might be tried without any difficulty by 
the jndicions admission of gas into a common grate tilled 
with coke; the materials in fact would be the same as of 
our commom fires, but employed in a state of greater 
pnrity. There was no limit to this mode of destroying 
smoke: and should a plan of this nature be hereafter 
adopted, chimnies, as they were now constructed, wonld 
be quite unnecessary ; a small tube would be Guffieient. 

Mr. William Losh, of Newcastle-on-Tyne, called in 
and examined. Considered it impossible to state any thing 
which could be satisfactory, withont referring to a plan. 
Would only state, that in some engines which had been 
erected according to witness's plans, the smoke was en- 
tirely consumed. — Was of opinion that for smelting ores, 
long horizontal flues would be advisable, and would 
nearly do away with the nuisance; but for glass-houses, 
witness did not know of any practical remedy. 

Mr. William Brunton, of Birmingham, CirU Engineer, 
called in, and examined. Furnaces for consuming smoke, 
SB they were usually constructed, consisted of two distinct 
parts: 1st, the grate upon which the foai was consumed; 
2dly, the feeding-mouth into which the coal was put (with 
(he shovel) preparatory to its being pushed fbrwaril upon 
the grate, at the end of the feeding-mouth; opposite to 
that which joined the grate, was fitted a door, in which 
were holes with covers, for r^ulating their apertures, by 
which atmospheric aur was admitted at pleasure. The 
process was thus: whilst the eoa! already upon the grate 
was in high combustion, and had ceased to smoke, the 
coal Id the feeding-mouth, being exposed to the heat of 
the lire, underwent a degree of coking, and the smoke was 
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ibereby evolved, which, combined with a purtiou of air 
admitled at the openiiigN in the door, passing into the 
cbimiiey over the hot fire, was consumed. When the fire 
was to be renewed, ihc coal thus acted upon was fiirced 
forward upon the grate, still carefully preservings a strong 
fire of weN-bunit coal on the farther end of the grate, in 
order to consume the smoke, which would now be given 
oiil by the rual thus brought into active combustion ; 
at this period a much greater portion of air must be 
admitted, than would be needful when the coal last 
forced forward had attained its full heat. 

Tlie following were the principal objections to the 
general adoption of this species of furnace : First, the pr<v 
ces« of coking, or preparing the coal in the feeding-mouth, 
was very imperfect, and but a small part of the coal ne- 
cessary lo feed the fire was afiected by it, so as to give out 
less smoke when forced upon the grate. Secondly, though 
the judicious admission of air to enable the smoke to ignite 
was found advantageous, yet a sninll excess admitted was 
found to have a very injurious effect in cooling the boiler; 
and as the quantity of air required for the combustion of 
the smoke must vary every moment of the interval between 
the times of renewing the fire, (perhaps fifieen or twenty 
minutes,) nothing short of the greatest care and unremit- 
ting attention to the admission of the air could accomplish 
the object with economy. This care on the part of the 
workmen could very rarely be obtained; and proprietors 
of steam engines have found that, for want of this, the 
burning of smoke has been too expensive for them to 
persevere in. — Witness having turned his attention fw 
some years to this subject, had discovered a method by 
which the smoke might be consumed economically, and 
it$ practicability less objectionable than the methods 
usually adopted : 1st, by putting the coal upon the grate 



by email quantities, and at very short intervals, say every 
two or three seconds ; 2dly, by bo disposing of the coal 
upon the grate, that the smoke evolved must pass over 
that part of the grats upon which the coal was in full 
combustiou, and was thereby consumed ; 3dly, as the in- 
troduction of tlie coal was uniform in short spaces of time, 
the introduction of the air was also uniform, and required 
no attention from the fireman. As it respected economy, 
1st, the coal was put upon the fire by an apparatus driven 
by the enjjine, and so contrived, that the quantity of coal 
was proportioned to the quantity of work the engine was 
perfomting, and the quantity of air admitted to consume 
the smoke was regulated in the same manner ; 2dly, the 
fire door was never opened excepting to clean the fire; the 
boiler of course was not exposed to that continual irregu- 
larity of temperature which was unavoidable in the com- 
mon furnace, and which was found exceedingly injurious 
to boders; 3dly, the only attention required, was to fill 
the coal receiver every two or three hours, and clean the 
fire when necessary ; 4thly, the coal was more completely 
consumed than by the common furnace, as all the effect of 
what was termed stirring up the fire (by which no incon- 
siderable quantity of coal was passed into the ash-pit) was 
attained without moving the coal upon the grate. — Con- 
ceived that in a twenty-horse engine, the increased expense 
of erection would be between 75^. and 100^. 



FIRST REPORT. 

The Select Committee appointed to inquire how far it may he 
practieal)le to compel persons using Sti>ain Engines and 
Furnaces in theirdiffereiit works, to erect Ihem in a manner 
less prejudicial to public health and public comfort; and to 
report their Observations thereupon \a the House; — have 
aijreed upon the following Report : 
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That from the adnmoed period of the SeawHi,at ivliick 
the appofaitmeDt of jour Committee took place, it was not 
io be expected that they coold farm any ultimate deeiskm 
as to the precise object'of their inquiry ; bnt as far as they 
have hitherto proceeded, they confidently hope that the 
nuisance so universally and so justly complained of, 
may at least be considerably diminished, if not altogedier 
removed. 

Your Committee have had under their examination, men 
whose minds have been long and practically directed to 
the extinction of the evil ; and firiMn their evidence, the 
House will be enabled to judge hbw fear tbeir opinions 
correspond with those of your Committee. 

The disinterested communications made by parsons 
whose private interests might have led them to a different 
line of conduct, cannot be too highly valued and extolled. 
July 12, 1819. 



SECOND REPORT 

From the Select Committee an Steam Engines, 

Furnaces, Sfc, 

MICHAEL ANGELO TAYLOR, ESQ, 

In the Chair. 

Mr. JosiAH Parkes, of Warwick, Worsted Manufac- 
turer, called in, and examined. Had practised various 
methods for reducing the smoke arising from a steam engine, 
for about six years ; had so far been able to accomplish the 
removal of the nuisance, that for about twelve hours of the 
day the smoke was nearly invisible; had three boilers, 
and found that in an hour after lighting the fires, there 
was heat enough to consume the whole of the smoke 



arisiiicr froin them. Had adopted a mode of firing;, which 
■was practised with it, greatly conducive to economy of 
ftiel. The daily consumption waa twenty-five cwt. to 
supply the engine, dye-house, and washing coppers ; while 
witness was formerly in the habit of using from thirty-six 
to forty hundred weiglit. Employed steam at a pressure 
of three pounds and a iialf on the inch, the ordinary pres- 
sure of Messrs. Boidtun and Watt's engines. Had applied 
the improved apparatus at Messrs, Barclay and Perkins's 
brewhouse, and was perfectly satisfied with the result; 
and the destruction of the smoke whs nearly complete. 
But the Newcastle coals made a great deal more smoke 
and less flame than the Staffordshire, and therefore the 
destruction of the smoke became a much more difficult 
object. Had an air-valve to regulate the quantity of air 
admitted to burn the smoke, which was regulated or closed 
at pleasure. Had reduced the consumption of coals, by 
the combined adoption of the mode of firing with the 
destruction of smoke from thirty-six hundred weight to 
twenty-five hundred weight, daily. When much smoke 
wasbemgmade,had uniformlyfound the draught increased, 
because, by the conversion of the smoke into active flame, 
the rapidity of its passage was facilitated. — Witness wished 
to state one further circumstance ; that he believed that 
this plan of burning smoke was applicable to ivorks of 
various descriptions; and from the effect produced at 
Messrs. Barclay's brewery, under the three boilers that he 
had altered, he had received directions from them to pro- 
ceed with one of the large brewing coppers. Thought it 
might be applied to annenling and reverberating furnaces, 
and most close fires. In chaining the fire-place, the fuel 
was gradually pushed backwards as it became ignited, 
until fhe whole capacity of the furnace was one mass of 
coals; the feed-mouth was also then filled up, and the 



door was cloHcd for the day. This required a^uut two 
hount. Flad stated that the heat wa§ tncrea/^ by the 
admission of air to burn the smoke ; and to ascertain the 
amount, had placed a thermometer in such a posture, when 
the smoke was being consumed by the admission of the 
air, that it stood at 214 degrees; by the sudden. closing of 
the air-valve, the smoke passing away unconeumed, the 
thermometer fell to 200°. The appearance of the flame 
when no air was admitted, was red and dusky, intermixed 
with quantities of smoke ; and large quantities of soot were 
seen to come over from the fire with it ; but when the air 
was admitted, the smoke caught fire with a Itnlliant white 
light, and the soot was evidently consumed. Il was the 
combustion of the charcoal which produced the light. 
The expense of alteration upon witness's plan would he 
but trifling, probably about 20/. or 30/. lo each boiler; 
but the premium had not been detennined. As a proof of 
the small expense, and the little time attending the n^ 
cessary alterations, the three boilers at Messrs. Barclay's 
brewery were altered in five days. 

Mr. W1LL1.1M Phipson, of Birmingham, called in, and 
examined. Had paid a great deal of attention to the dif- 
ferent plans that had been suggested for burning smuke, 
and had found ihem in general, if not always, attended 
with an increased consumption of fuel; and likewise so 
much care and skill required from the fireman as was 
seldom to be found in perrans so employed. Had suc- 
ceeded in considerably diminishing the smoke; but was 
very far from the perfection which had been ubtaiaed by 
Mr. Parkes. Had been many years acquainted with Mr. 
Pai'kes, had watched very closely the improvements that ' 
had been making within the last fetv years at his mill, and 
had found that he had succeeded for some time past, 
much more complete manner than any other persoD, 
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now, considered that he had attained complete succpss in 
the consumption of emoke, attended with a consiilei'able 
saving of fuel. Had seen the furnaces at Messrs, Bar- 
clay's brewhonse since they had been altered, and con- 
sidered the destruction of the smoke as complete there as 
at Mr. Parkes's at Warwick. Had heard it rrtnarked that 
there was still a ^eat qimntity of smoke at Messrs. Bar- 
clay and Co.'s; this arose from three large brewing- 
coppere, which had not been altered by Mr. Parkes; and 
the issue of smoke from those coppers was so great as to 
deceive persona who viewed the works from a distance. 
Believed Mr. Parkes's plan was applicable to all kinds of 
boilers, and to most kinds of close tire-places, but not to 
open fires. 

Frederick Perkins, Esq. called in, and examined. 
Had been induced to try the method which Mr. Parkes 
had invented for abating the nuisance of smoke, and had 
applied this apparatus to two boilers, atid believed they 
were altered in the space of three or four days. When 
worked there was uo smoke excepting at the first lighting- 
of the tire ; after the fire was made up, and a regular heat 
produced, little or no smoke escaped from the chimney 
when the air valve was open. Believed that the con- 
sumption of fuel was decreased ; but could not say de- 
cidedly. 

Mr. James Spurheii., Brewer, in the employ of 
Messrs. Barclay & Co. called in, and examined. Before 
the adoption of Mr. Parkes's alteration for consuming tbe 
smoke, had made a very considerable portion of smoke 
from the steam engine, but since the adoption of Mr. 
Parkes's plan, there was scarcely any smoke after the first 
of the morning; the fire, when once made up, would last 
from ten to twelve hours. The application had also been 
made to another copper, which was called the blowing-olT 
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copper, for blowing^ff and steaming easki^ and tb^re the 
plan had been as successful a$ in the steam engine, very 
much to the satisfaction of the house. Thought that the 
consumption of coal would be reduced in the blowing«off 
copper. 

Mr. Benjamin Hawes, Jun. . Sod]p«boiW, called in 
and examined. Had altered a steam engine furnace under 
Mr« Parkes's direction, and found a ver3r coniuderable 
reduction of smoke in consequence; with respect to fuel 
could hardly state whether there is any savn^, not haying 
had the returns. 

Charles Mills, Esq. a Membw of. the CSommitfee^ 
examined. Had been at Warwick, and seen Mr. Parkes's 
manufactory. Saw the three furnaces in opers^ion, and 
had an opportunity, by looking into the fire-plaoe, of 
seeing the difference thkt was caused in the fire by the 
opening and shutting of the air-valve. In one case theie 
seemed to be a thick smoke, and the fire clouded ; in Ae 
other case the smoke was wholly removed, and there was 
a perfectly clear fire. Went out of the engine house into 
the court, to observe the top of the chimney : in one case 
observed scarcely any smoke visible coming from the 
chimney ; in the other,, wben the alteration was made, to 
try the experiment, found a very considerable quantity of 
smoke to arise. 

DuoDALE Stratford Dugdalb, Esq. a Member of 
the Committee, made the following statement. Had at* 
tended Mr. Parkes's manufactory, for the purpose of 
seeing the trial of t)ie experiments for consqming smoke 
by a method he had lately introduced, which appeared to 
be very simple, and at the same time to be perfectly effi- 
cacious. 

Michael Angelo Taylor, Esq. Chairman of the 
Committee, made the following statement. I was applied 



to about six weeks ago to take Warwick in my way to 
Loudon, for the purpose of seeing^ tbe furnacca tliat were 
usefl in tlie works of Mr. Parkes. I of course appotntetl 
a time, and on my arrival at Warwick, in compaay with 
Mr. Deamao, a member of tbii^ house, went into the 
mannfactory of Mr, Parkea, and made every observatiou I 
could to satisfy myself of its efficacy in m^etiii^ the ob- 
ject wfaicb I had in view, that of diminishing the smoke of 
furnaces erected for the purposes of heating the boilers 
used for working steam engines, and for furnaces neces- 
sary in different branches of manufactures, as well as in 
brewhouses. I never thought, as far as ray present inquiry 
and observation was directed, that tbe experiments which 
had been made, and which had been reported tu me by 
Mr. Parkes and other gentlemen, could lessen the smoke 
that arises from furnaces used in the smelting of ores, or 
in tlie vitrifying of glass. My object in going to Mr, 
Parkes's was tu ascertain how far his experiment could 
succeed in furnaces of the description I have before 
alluded to, let their power and extent be what they might, 
and to judge from every experiment I could there make, 
whether his plan would be generally applicable. On 
going into Mr. Parkes's premises I could not perceive the 
least smoke arising from any chimney in the place, so 
much so that I was at a loss to ascertain which was tbe 
chimney attached to the furnace which supplied the heat 
for the steam engine. I also noticed very accurately the 
garden which immediately adjoined the furnace, to see if 
from the dowers and from the diSerent plants that were 
in that garden there was upon them the affection of soot 
or smoke; 1 could perceive none, though I inspected them 
very narrowly. I was anxious to make this trial, know- 
ing from experience that the volumes of smoke which 
iauie from the fiirnaces on every side of the river Thames 



oppoaite my own house, actually blacken every flower I 
have in my own ^rden at Whitehall. I afterwardB wenl 
to the bleaching-gpround, to judge whether there were any 
marks of soot or smoke upon the tenter rail, on which 
were always hiin^ the different articles for bleaching ; I 
found no appearance of Koot or smoke; the bleacbiog- 
ground was almost adjoining to the furnace. On going 
into the place where the furnace was erected, I desired 
that I might be allowed to assail the furnace in whatever 
way I chose, ajid by any experiment I thought proper to 
make; I mean by the word assail, to see if by any ex- 
periments uf mine I could create smoke. In the first 
place, I desired that the furnace might be opened and 
raked for a considerable time ; no smoke was occasioned, 
indeed none had issued, I then directed tliat the valves 
which secured Mr. Parkes's experiments, and gave effect 
to his object, should be shut, and immediately the place 
wa.<t involved in smoke, which ceased on resorting to the 
apparatus again. Not satisfied with that, I desired that a 
ve^ large body of coal might be put into the middle of 
the furnace, and that Mr. Parkes's apparatus should re- 
main in the way it did remain when f saw no smoke; 1 
then inspected, whether or not, from that immense body 
of fuel, which I put on adventitiously, any smoke issued ; 
none appeared. On the shutting of the different air- . 
valves, an immense body of smoke issued; this convinced 
me that his apparatus was perfectly adapted to the object 
I had long in view ; and that though many others had 
met my observation, yet none appeared to me so simple as 
his; and 1 desired Mr. Parkes to come to London, and 
apply in my name to persons who had steam engines, and 
see if they would pennit him to have their furnaces so 
altered, that the public might judge whether or no bis 
apparatus would (five as fair a promise of success in Lou- 
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rapid and forcible will be the rising current, that it will 
draw towards, and carry up with it, sand, gravel, or 
stones, or almost any kind of heavy substance of a 
moderate size which may happen to be in the boiler, 
sweeping off, in its ascent, all the steam- bubbles which 
form on the interior surface of the outer vessel, keeping 
that surface cleared fi'om any kind of vapour, which would 
otherwise act as a non-conductor of heat, or form an 
impediment to the free passage of heat from the fuel to 
the water, effectually preventing the adhesion to the hoiler 
of salt, lime, or earthy matter of any kind, and by forcing 
a continued succession of watery particles into actual con- 
tact with the metal, will cause them to take up all the 
heat at the instant of its formation, and accelerate the 
production of steam with astonishing rapidity. 

Thus may water be converted into steam considerably 
faster than by the common method ; or, in other words, 
by a boiler fitted with an apparatus of this kind, much 
less in size and weight than by a boiler without such 
apparatus, an equal quantity of steam of any required 
power can be made in a given time. 

The general arrangement of a condensing boiler con- 
structed on these principles, is shewn in the engraving 



beneath. 
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The circulation is in this case produced by the fdate 
eccc, and the direction taken bj the fluid is indicated 
by the arrows. There are either two fires, or else a 
wall is placed in the centre of the boiler, whid keeps 
down the temperature of the water at that part of the 
boiler, and ensures a perfect circulation. A similar effiKt 
is shewn in the other figure, where a b represents a porticMi 
of a tubular boiler, consisting of a series of vessels descend- 
ing firom a flat plate, forming the ordinary bottom of a 
boiler. The tubes, of which only one is represented in 
the figure, are filled with water, and descend into the 
furnace, presenting a very considerable surfiioe to the 
flames and heated vapours which play around them, 
causing the water contained in the tubes to boil, and 
throw off steam into the upper part of the bofler. 

On lighting a fire in the fiimace, the heat will strike 
i^ainst the outer surface of the tube aOj and thus give off 
heat to the water which is in contact with the mietal ; and 
such heated water will rise to the snrEace, and give off so 
much of it as is converted into steam ; while the inner 
column of water contained in the tube b will descend, 
and continue to fill up the space of that part which has 
become heated, and is rising to the surfiu^e. Thus will 
a very rapid circulation of the water take place in each oi 
the tubes, caused by the inner tubes or linings ; and by 
such rapid circulation, however great the degree of heat 
applied to the outer area of the tubes, the rapid circulation 
will carry up the same, and give it off at the surface with 
the steam, and at all times keep the tubes at a tempera- 
ture which will, not injure the metal, as would be the 
case were the inner tubes or linings not used. 

A certain quantum of heat being requisite to convert 
water into steam, under the most favourable circum- 
stances, no greater economy of fuel is expected from this 
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eontrivance than will ensue from applying the fuel in the 
most effective manner. The saving, therefore, can only 
extend to the quantum of fuel misapplied or wasted under 
the common mode, which, however, is considerably more 
than is generally imagined. 

But an increased saving may be effected where good 
stone coal can be obtained with facility, experience having 
shewn that any given weight of stone coal will give out 
considerably more heat than a like quantum of bituminous 
coal, but of too sharp an intensity for a common boiler 
to sustain without injury : all that intensity of heat may, 
however, be made safely available with the addition of 
this apparatus to a common boiler. 

R. Steveksok, Newcastle-upon-Tyne, Jan. 26, 1833. 

Improvements in the locomotive steam-engines now in 
use for the quick conveyance of passengers and goods 
upon edge rail-ways. 

£. Appleby, Doncaster, Jan. 29, 1833. 
Improvements in steam-engines. 

J. Linton, Selby, Jan. 29, 1833. 
For an improved construction of steam-boilers. 

L. Hebert, Hampstead Road, and J. Don, Lower 
James Street, Golden Square, Feb. 21, 1833. 

For improvements in engines, and other machinery 
employed in the construction of steam-vessels and steam^ 
carriages : a portion of these improvements is applicable 
to other purposes. 
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T. Hills, the younger, St. Michael's Alley, Cornhlll, 

Feb. 21, 1833. 

For a new mode of constructing furnaces for steam- 
boilers, and other purposes. 

, A. Gordon, Strand, Feb. 21, 1833. 

Improvements in the generators of steam, and in con- 
densing such steam; and in engines to be worked by 
steam for propelling machinery and carriages on land, and 
vessels on water ; being a communication made to him by 
a foreigner. 

J. Thompson, London Iron and Steel Works, 

Feb. 27, 1833. 

Certain improvements in the steam-engine. 

J. White, Southampton, March 28, 1833. 
Machinery to be worked by steam or other power. 

J. Ericsson, Albany Street, Regent's Park, April 4, 1833. 

For an engine for producing motive power, whereby a 
greater quantity of power is obtained from a given quan- 
tity of fiiel than heretofore. 

J. Fraser, Bevis Marks, St. Mary Axe, May 7, 1833. 

For improvements in steam-boilers, and in the arrange- 
ment of the machinery attached to them, as applicable to 
land carriages. 

G. Carter, Nottingham Lodge, Kent, June 1, 1833. 
Improvements in paddle-wheels. 



W. Squihe, Paddington Basin, and F. Maceronb, Upper 
George Street, Bryanston Square, July 18, 1833. 
An improved boiler for generating steam. 

J. Petrie, Rochdale, July 25, 1833. 
ImproTements in steam-engines. 

W. WiGSTON, Salford, near Mancbester, Aug. 12,^ 1833. 

For improvements in apparatus for consuming smoke, ' 
■which are applicable to the fumacea of steam-boilers. 

J. S. Russell, Stafford Street, Edinbui^h, Aug. 14, 1833. 
Improvements in the boilers and machinery of steam- 
engines, and in the manner of their application to loco- 
motive purposes. 

Sir C. W. Dance, Hertshoume Manor Place, Hertford; 
and J. Field, Lambeth, Aug. 20, 1833. 
Improvements in the boiler and other apparatus ap- 
pertaining to locomotive carriages. 

J. DoDD, Horsley Iron Works, Staffordshire, Sept. 14, 

1833. 
An improved combination of materials, and method of 
manufacturing valves for steam-engines, &c. 

J. Maudeslay, Lambeth, Oct. 7, 1833. 
Improvements in the structure of certain boilers for the 
producing steam for the working of steam-engines. 

R. Stephenson, Newcastle-upon-Tyne, Oct. 7, 1833. 
For an improvement in the locomotive ateam-enginea 
now in use for the quick conveyance of passengers and 
upon edge railways. 
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D. Redmund^ Charles Street, City Road, Oct 28, 1833. 

Improvements in steam-carriages. 

G. F. MuKTRY, Birmingham, Oct. 28, 1833. 

For an improved mode of manufacturing boilers for 
generating steam. 

R. Holme, Kingston-upon-HuU, Nov. 5, 1833. 

For improvements in apparatus and means of genera- 
ting steam, and in other parts of steam-engines, and also 
in the means of producing heat. 

R. W. Brandling, Low Gosforth,* Northumberland, 

Nov. 19, 1833. 

For improvements in applying steam and other power 
to ships' boats, and other purposes. 

J. C. Douglas, Great Ormond Street, Nov. 19, 1833. 

Improvements in the construction of furnaces for gene- 
ratmg heat. 

J. C. Douglas, Great Ormond Street, Nov. 19, 1833. 

For improvements which prevent either the explosion 
or the collapse of steam and other boilers from an excess 
of internal or external pressure. 

B. R. CoMTE DE Predaval, Leicester Place, Leicester 

Square, Nov. 19, 1833. 

An engine for producing motive power, applicable to 
various purposes. 

L. W. Wright, London Road, Southwark, Dec. 16, 1833. 
Improvements in apparatus by which certain well- 
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known agents may be employed in producing power, and 
in the mode of effecting the same. 

T. Sunderland, Blackheath, Dec. 19, 1833. 
Improvements in propelling vessels. 

Thomas, Earl of Dundonald, Dec. 20, 1833. 

For certain improvements in the construction and ope- 
ration of rotary engines, and apparatus connected there- 
with. 

J. H. Kyan, Upper Baker Street, Dec. 21, 1833. 

For a new combination of machinery to be applied to 
the present purposes of steam navigation, in aid of and in 
substitution for the motive power hitherto obtained by the 
application of steam. 



APPENDIX (B.) 

Evidence given hy Mr. Brunton, before a Committee of 
the House of Commons^ illustrative of his Boiler^ des- 
cribed at p. 171. 

*' In the fire-regulator, first, by the very equal distribution 
of the coal upon the surface of the grate, a thin fire and a 
sharp draught was maintained, and this was effected by 
the coal being introduced in small quantities falling upon 
the whole of the area of the fire in regular succession. 
Secondly, the coal was introduced upon the fire without 
opening the fire-door ; and this was effected by dropping 
the coal through the roof of the supplementary boiler. 
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Thirdly, the deeompositioii of the coal was much more 
perfect than by the common furnace, and this was effected 
by the revolving of the grate, which exposed each side of 
every piece of coal on the grate to the carrent of the fire 
passing constantly in one direction across it^ Fourthly, 
the introduction of the coal was completely governed by 
the steam generated, analogous to a- water- wheel,.' govern- 
ing by its velocity the quantity of the water permitted to 
fall upon it ; thus, considering the production of the steam 
as the effect, and the introduction of coal as the cause, the 
former had a perfect check over the latter, and at no time 
admitted more coal into combustion than was really neces- 
sary for the performance of the work which the engine was 
then doing. Fifthly, the whole apparatus, being a very 
simple mechanical arrangement, acted independently of 
either the skill or the carelessness of the fireman.^^In ob- 
taining the maximum effect, thought it advisable to em- 
ploy a thin fire, with a sharp draught, witness being of 
opinion that the greater quantity of oxygen brought into 
contact with the coal in combustion, the greater heat or 
effect was produced from it. The fire-r^ulator, and the 
other modes proposed for burning smoke, stood upon very 
different grounds ; for the value of a boiler, as an imple- 
ment for generating steam, depended on the quantity of 
coal which might be burned under it producing a maxi- 
mum effect ; and when any change was made in a fur- 
nace, by which either the quantity of coal consumed with 
a maximum effect was diminished, or the effect of the 
same quantity of coal decreased, in either case it was 
injurious. The fire-regulator, while it increased the quan- 
tity of coal consumed, increased the effect also, and thereby 
increased the value of the boiler to which it was attached, 
as it would raise a greater Quantity of steam at a much less 
expense. 



APPENDIX (C). 



Steam Boats.* 



XTIE applicRtioii of the Steam Engine to propel vesnieU 
at sea, is one among the many great improvements wbicli 
characterize the ag*.', and invites us to look forward to a 
fiicility of intercourse with other nationR, which must be 
highly conducive to our prosperity. While we were 
obliged to depend iipon the natural powers of the winds 
and tides, the uncertainty and hazard of life and property 
acted as a bar to commercial enterprise. It is true it did 
not put a stop to it, but it rendered the risk of safe con- 
veyance great, and therefore expensive, and the time of 
transit long ana tedious. 

The superior advantages of a moving power within the 
ressel, and completely under the control of its attendants, 
is too apparent to he insisted upon. For a power of this 
kind can he increased and diminished at pleasure, or 

. totally removed, if occasion requires. It even can be 
directed in opposition to wind and tide, — affording a 
meansirof retreating from the danger of the conflicting 
elements, when their united powers oppose all approach 

. ts^e place of safety ; and in affording a more certain and 

* The ahota ftitmirnble Pipar I9 rrom tbe pen of Thoniss Trcdgold, 
Esq. Civil Enginter, and Ibrms a verj useful uppendii to our account uf 
Steitm Nrngation, as It furaisbcs important mathctuiitieiii dita for llio 
Miiistruction of the paddJc wkucls. 



k 



264 

secure mode of conveyance, a new impulse has been given 
to study the laws of motion in fluids, and the theoretical 
principles of naval architecture. 

It has been said, that, in these departments of science, 
the British are less advanced than other nations, and there 
is, perhaps, some truth in the remark ; for the operations 
of art have hitherto been but slightly directed by science 
in this country. The importance of a knowledge of 
science is only beginning to be feh ; and, in a sh<»t time, 
we hope it will be acted cm with more success than it has 
been in any other place, or in any other age. It is ninch 
to be wished, that some able writer would mould the 
elements of pure science into a form fitted for the use of 
practical men, and teach the truths of physical science in 
the plainest and most simple manner, — not in the con- 
nected trains of systems, but in the most detached and 
independent form, recollecting, that it is the object of 
the practical man to acquire the methods of discovering 
the laws of nature as they actually operate, — ^to ascertain 
their relations, to measure and compute forces, motions^ 
and effects in the particular cases which arise in business. 
Knowledge of this kind does not require «o much previous 
systematic study, as may be expected ; indeed, it is most 
effectually cultivated, and rendered familiar by practice* 
It cannot be pursued with advantage w:ithout consulting 
nature; hence it leads to a close observance of natural 
phenomena. ^' Man, Nature's minister and interpreter, 
acts and understands only so much of the order of nature 
as ha. has observed by the assistance of experience and 
reason;", his labours are confined to directing and modi- 
fying the effects of natural causes. These causes are 
often difiicult to investigate; and, therefore, the most 
concise and general modes of reasoning are the best fitted 
for his purpose ; by these methods, the pure sciences have 



been advanced to high perfectioa. I allude to the geo- 
i metrical and analytical methods of reasoning. By signs 
\ and characters, the algebraist forms a condensed and 
^ faithful picture of the state of the problem ; the peculiar 
' merits of this method are comprehensiveness and gene- 
Fality. The geomeler effects his object by the relation of 
\ lines and Bgures, and appeals to the senses for the cer- 
tainty of his conclusions. Each method has its advan- 
tages ; but a mixture of the two modes is superior to either, 
' liecause the general concliisioas of the one may often be 
■ proved to the senses by the other. 

But to return to the object of this paper, it may easily 
he conceived, that the motion of steam boats, their forms 
and proportions, will afford some fine subjects for the 
application of science, and tend to illustrate the remarks 
we have just ventured, on the advantage of the species of 
knowledge, which is rather founded on a just conception 
of the acliou of natural causes, than on the systematic 
doctrine of schools. Our object shall be, to find the re- 
sistance at different velocities in still water, and the best 
velocity for thi; paddles ; the disposition and number of 
the paddles; the resistance at different velocities in 
currents or streams, and the velocity for the paddles in 
such cases. 

In still water, it may be assumed, that the resistance of 
the same vessel is sensibly proportional to the square of 
the velocity; the difference from this law being too small 
to produce a sensible effect within the range to which the 
velocity is limited in practice. Therefore, if a be the 
force that will keep the boat in uniform motion at the 
velocity u, the force that will keep it in motion at the 
velocity «, will be found by this analogy, 

«' :«*::«: — — = the resistance at the velocity v. 
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Now, this fcNToe acts with the velocity v; hence, the 
mechanical power required to keep the boat in motion at 

the velocity v, will bo — . 

Wh^ice it appears, that the mechanical power, or the 
power of a steam eng^ine to impel a boat in still water, 
must be as the cube of its velocity. Therefore^ if an 
engine of twelve horses' power will impel a boat at the 
rate of seven miles an hour in still water, and it be re- 
quired to know what power will move the same boat at 
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ten miles per hour, it will be 7* : lO : : 12 : — — — =36; 

or an engine of thirty-five horses' power. 

This immense increase of power to obtain so onall an 
increase of velocity, ought to have its influence in fixing 
upon the speed of a. boat for a long voyage, and its pro- 
portions ought to be adapted for that speed, with a proper 
excess of power for emergencies. A low velocity should 
be chosen, where goods as well as passengers are to be 
conveyed. Our example places this in a striking point of 
view, for to increase the velocity of the same boat from 
seven to ten miles per hour, requires very nearly three 
times the power, and, of course, three times the quantity 
of fuel, and three times the space for stowing, it, besides 
the additional space occupied by a larger engine ; con- 
sequently, if seven miles per hour will answer the pui^ 
poses of the trade the vessel is to conduct, the advantages 
of the lesser speed must be evident. 

According to the principles we have calculated upon, 
the power required to give a boat different velocities in 
still water will be as follows : 

3 miles per hour. 5{ horses' power. 

4 13 

5 25 



In short voyages, the extra quantity of engine roooi 
and tonnage for fuel, is not so objectionable: but, in a 
long voyage, it reduces the useful tonnage to so small a 
proportion as to render it doubtful whether such vessels 
will answer or not. The consumption of fuel to produce a 
given effect, is much greater than in engines on land ; 
and, perhaps, much in consequence of the imperfection of 
the draught of the chimney, and the limited space for the 
boiler. The former might be easily remedied by an 
artificial blast, directed so as to force the flame to expend 
its heat on the boiler. And, while on this subject, it well 
deserves the attention of those who wish to improve steam 
boats, to adopt some more effective methods of confining 
the heat to its proper object, and particularly where the 
engineer and firemen are exposed to it. 

When the paddles of a steam boat are in action, there is 
a point in each paddle, wherein, if the whole reaction of 
the fluid was concentrated, the effect would not be 
altered ; this point may be called the centre of reaction. 
It has not been determined for the case under considera- 
tion, but may perhaps form a subsequent object of research. 

We suppose the fluid to be at rest, and the velocity 
of the centre of re-action to be V, and the velocity of the 
boat to be w ; then V — v is the velocity with which the 
paddles strike the water. Or, the difference between the 
velocity of the paddles and the velocity of tlie boat is 
equal to the velocity with which the paddles act on the 
water ; hence, when these velocities are equal, ihe paddlett 
have no force (u impel the boat; and, if the paddles were 



to move at a sleirer rate, diey would retard it. Now, ai 
(V — tj) is the velocity, the force of the reaction will be at 
(V — «)', for this quantity is proportional to the pressure 
which would produce the velocity V — v. But, durmg 
the action of the paddle, the water yields with a velocity 
V — V, and since the velocity of the boat is v ; the effective 
power was ¥ — «:« : : (V~»)' : » (V — tj). And the 
efiect of this power in a given time, is a mBx i in ii m wlia 
D* (V — r) is a maziniiua, that is, w^en 2 V = 3 e, or wha 
the velocity of Ae centre of reaction of the paddles it 1| 
times the velocity of the boat. 

It is desirable that the action of the paddles should be 
as equable and continuous as possible, rndess they be ar* 
ranged so that .the variation of the power of the engine ma; 
coincide with the variation in the action of the paddles. Bnt, 
in attempting to render the action of thO paddles equable, 
their number ought not to be increased more than can be 
avoided, because there is not then time for the wBter tu 
flow brtween them, so as to afibrd a proper quantity of 
reaction, neither do they clear themselves so well in quit- 
ting the wato-. If we suppose W L, Fig. 3, to be the 



line the water would assume when at rest, the most fa- 
vourable arrangement, with the smallest number of paddles, 
appears to be to make the paddle A of the wheel A jnst 
entering, when the preceding one B is in a vertical posi- 
tion, and the one C quitting the water. This arrangement 
allows tune for the water to flow between, and for it to 



j fiscape from the retiring paddles. If a smaller number be 
employed, there will be a Bliort interval, during nhicb 
I none of the paddles will be ia full action. The utmost 
' variation will be between the positions of the wheels A 
; and B, Fig, 3, and an intermediate position is shewn by 
the wheel C. I have not attempted to represent the ac- 
tual state of the eurlace of the water during the motion of 
the paddles, for, unless if were done with accuracy accord- 
Mig to nature, it is better undone; but the form of the 
surface will not materially affect the conclusions. 

To determine the radius of the wheel, or the depth of 
the paddles, when the number of the paddles is given, be- 
comes an easy problem when the preceding conditions are 
to be adhered to 

Fig 3 Fig 4 




For, put \< I 1^1 i_ 
. A R of tbe paddles 



and H their number. 



r:=the depth 
TLe„255: = 



the angle AOB contained between two paddles, and r cos. 

= O a; the cosine of the angle, being the depth from 

the centre of the wheel to the surface of the water; and. 



(■| 1— C'os. — J=«= A a, tbe depth of the paddles. 



L 



r = A 0, the radius of ihe wheel. 
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Prom tLcse equations we hare the following rules, viz. 
To find the radius of the wheel, when the number and. 
depth of the paddies are giren. Divide 360 by the num- 
ber of paddles, which will give the degrees in the angle 
contained between the two paddles. From unity subtract 
the natural cosine of this angle, and the depth of the pad> 
dies divided by (he remainder will give the radius of the 
wheel. 

Thus, if the number of paddles be 8, and their depth 

I4. feet; then-5-=45°, and its coaine is '7071, therefore 

I — .7071 ~ ^'^^ ^**'' *^^ radius of the wheel. 
Again, if the number of paddles be 7, and their depth 
1'5 feet as before, then— =—=51" Sff; and its cosine it 

•6234, consequently -; = 4 feet. 

^ ■' 1 —6234 

Both divisions are represented in Fig 1, and it may be 
Fig. 1. 




reioarked, that, when the dopth of the paddles is fixed 
upon, the greater number of paddles should have the 
preference, because the first impresaion on the water is 
then less vertical. The difference is easily seen, by com- 
paring the angles at which the paddles A and a. Fig. 1. 
strike the water. It will also be observed, that the larger 
wheel must have \esn tendency to throw the water up 
behind at C. 

It is obvious, that, by enlarging the wheel, the obliquity 
of the action on entering the water may be reduced, but it 
also may be done by, lessening the depth of the paddles, 
as will be evident from Figs. 3, and 4, where the angles 
are the same in both wheels ; hence it is useful to be able 
to find the depth, and if the number of the paddles and 
the radius of the wheel be given, the depth may be found 
by the following rule ; 

Multiply the radius of the wheel by the difference be- 
tween unity and the natural cosine of the angle contained 
between two paddles, and the product is the depth required, 
Suppose the radius is to be 4*5 feet, and that there are to 
be eight paddles, then 4-5 (1 — -7071) =1*318 feet for the 
depth of the paddles. 

I think eight paddles is as small a number as ought to 
be adopted, and where large wheels can be admitted, nine 
or ten might be used with advantage, but where many 
paddles are employed, the wheels must necessarily be of 
large diameter, tu keep them narrow. The advantages of 
wheelsof large diameter consist in the favourable direction 
they strike the water, and also quit it ; the paddles are 
also more distant from one another, and while they have 
more reaction on the water, they splash it about much 
less ; the weight of the wheel also renders it more effective as 
a r^ilator of the forces acting upon it. On the contrary 
there are some strong practicable objections to very large 



wheels for sea-vessels; they give the force of the wares a 
greater hold OD the machinery, they are cumbeniome and 
nnsig;htly, and they raise the point of action too high above 
the water-line ; so that the choice requires both experience 
and judgment. 

The best position for the paddles appears to be in a 
plane passing through the axis, as represented in the 
figures; if they be in a plane which does not coincide 
with the axis, they must either strike mure obliquely on 
tlie iluid in entering, or lift up a considerable quantity in 
quitting it. With respect to the shape of the paddle, it is 
clear that it should be such that tlie resistance to its motion 
should be the greatest possible ; and the pressure behind 
it the least possible. These conditions appear to be ful- 
filled in a high degree by the simplest of all fornK, the 
plane rectangle ; but we might leam much from a jadicioua 
set of experiments on this subject. 

As there is some variation in the force of re-action 
against the paddles, it may in some measure be compen-' 
sated by making its periods coincide with the variation in 
the force of the engine. To effect ibis, the stroke of die 
engine should be made in the same time as is occupied by 
that part of the revolution of the paddle-wheel, which is 
expressed by a fraction having the number of paddles for 
its denominator, and the piston should be at the termination 
of its stroke, when one of the paddles is in a vertical 
position. For, when one of the paddles is in a vertical 
position, as in the wheel A, Fig. 2, the re-action is the 
least, and it is greatest when two paddles are equally int- 
mersed, as in the wheel B, at wliich time the force would 
be acting at right angles to the crank. 

Havuig shewn the power that is necessary to keep a 
boat in motion in still water, it will be some advantage to 
resume the inquiry in the case where it moves in a stream 



or current; and, for that purpose, let v be the velocity of 
tjie boat, and c the velocity of the current; a being the 
resistance, when the boat is in motion with the velocity w. 

Then the resistance to be 
velocity v, is, when the motion 

And, when the boat moves 
K':(. + c)- 



give the boat the 
with the stream, u' : 



the stream, a 

-(»+■■)■ 



Hence, the power in either case is expressed by 
ar(+c)' 



The upper sign to be attended to when the motion is 
with the current, and the lower sign when it is against 
it. When c, the velocity of the current, is nothing, the 
resalt is the same as before. But the resistance in sldl 
water is not the mean between the resistauces iti the direc- 
tion of the current, and against the current ; consequently, 
die mean rate of a boat, which alternately goes with and 
against a current, must be less than the mean rate in still 

water. The mean resistance is i — ; -, 

resistance in still water is only — —, and the difference 
between these is -^- ; a quantity depending on the ve- 
locity of the current, and, for any particular case, should 
be calculated from the mean motion of the current. 

When a boat advances with a current, the velocity with 
which the paddles act on the water will be V+ c — «; 
and wheu the boat moves against the current, it will be 
V— c— «; consequently, in either direction it is V + c— u; 
and the forte of re-actioD (V + c — r)'. But the effec- 
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tive renstance of the boat isasV^c— v:v: : (Vc±-*v)*, 
: t? (V + e^v) ; and its effect in a given time is a maximum 
when V (¥+ c — v) is as a maximum, that is, when 

V= iHj^^ or whenV= 1-5 t,T c Abo, £^I±-^=„. 

^ 3 

2V 

When c =s 0, or the boat moves in still water — - = t?, the 

same as before, and the mean between moving against and 

2 V 

with the current is — =v also ; therefore, where the velo- 

city cannot be changed to suit the circumstances, this will 
be the best proportion for all cases. Where the force of a 
current is considerable, it would be extremely desirable to 
have the power of altering the velocity of the wheels; and 
it is not proper that it should be' done by any change in 
the velocity of the steam-piston ; because, whatever change 
is made in its velocity, must affect the power of the engine; 
There is no difficulty in adopting such a train of mechankm 
as would produce the alteration of velocity requhred, and 
yet be as strong and durable as the ordinary combinatiofi, 
and not at all expensive, compared with the object to lie 
gained by introducing it. It will only be necessary to 
provide,, for an increase of velocity; for, when the boat 
goes with the stream, the rate of the paddles is already too 
great ; whereas, when a boat moves against the current 
both an increase of velocity of the wheel, and an increase 
of surface of paddle, is necessary, io maintain the mean 
rate. 

I wfll close this paper with a view of the velocity a boat 
may be expected to acquire, when the power is the same. 

Let P be the power of the engine, th^n « t? (t? T c)' 
Put the ratio of the velocity of the current to the velocity 



, 1: n::v: e, = nv; whence 



of the boat, as I ; » ; that 
we have 

i^ — ^ =P, or 

(Vu' N. 
a{\TnyJ'" 

If the hoat tnuves in a current of which the velocity is n 
times the velocity of the boat, then we shall have 



per hour. 



Velocity of Current. 




Velocity of 


WiUi the stream, 4 miles per 


hour. 


8 miles pe 


2-2 




eo — 


1-53 




612 — 


Still water, - 000 




500 — 


AgJnst the stream, 108 




4-34 _ 


1-38 




416 — 


. 1-92 




3-85 — 


2-38 




358 — 


317 




3-17 — 



This Table shews, that a power capable of moving a boat 
ftt the rate of five miles per hour, in still water, will only 
move it at the rate of a little more than three miles per 
hour against a current of the same velocity as the hoat ; 
hnd that the speed of the same boat would be eight miles 
per hour, when moving with a current of which the velo- 
city ia four miles per hour. It should be remarked, that 
these calculations suppose the area of the paddles, and 
their velocity, to be adjusted to the maximum proportions 
ia each case; were it otherwise, the velocity with the 
current would be increased, and the velocity against the 
current diminished. 
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MINUTES OF EVIDENCE, 

Before a Select Committee of the House of Commons on 

Steam Packets. 

SIR HENfeY PARNELL, BART. 
In the Chair. 

George Henry Freeling, Esq. called in and ex- 
amined. Had the principal management of the Holyhead 
steam packets. The Postmasters General having heea 
Obliged to purchase aU the sailing packets, and to clear 
the station for the introduction of those veasda, <the olgect 
vas, at first, to make the steun auxiliary to the sailing 
packets, but it was found that the steam packets could do 
eren more than the sailing packets, consequently two 
safling vessels were kept as auxiliary to the steam. — 'Had 
three steam packets employed; the Royal Sov^pe%n of 
810 tons, land die Meteor of 100; the Sovereign is fitted 
with two engines, of forty-horse power each, and the 
Meteor with two etigines of thirty-horse pow^; they were 
both constructed by Boulton and Watt, and the vessels 
built in the river Thames, by a person of the name of 
Evans, at Rotherhithe, on purpose for the service, undar 
the inspection of the officers of the Navy Board; ibej 
were built upon Sir Robert Sepping's principle of the 
diagonal fastening, and made particularly strong* The 



tliird is the Ivanlioe, of 166 tons : it was formerly on the 
Holyhead station ae a private vesBel, and has an engine 
of fifty-six horse power. The general effect of the ex- 
periment, in regard to maintaining a communication be- 
tween the two countries, has been, that the intercourse 
has been very much facilitated ; it is non' almost reduced 
to a certainty. In the year preceding llie iutroduction of 
the steam vessels, a liimdred mails exactly arrived in 
London after they were due, and in tlie nine months that 
the steam vessels have been running since May last, there 
have been twenty-two only. The weather at the begin- 
ning of the winter, was worse than has been known for 
more than sixty years. Had proof that the steam packets 
would go to sea in weather when sailing packets could 
not have gone to sea; the captains had always considered 
that it would not be prudent to go to sea, if they were 
obliged to be under a three-reefed mainsail, and the steam 
packets bad gone out in weather in which the sailing 
packets would have been obliged to be so. The average 
of the passages of the Sovereign from Howth to Holyhead, 
was six hours and tifty-seven minutes, and the Meteor 
seven hours and four minutes and a fraction. To Howth, 
the Sovereign seven hours, thirty-six minutes and a 
quarter; the Meteor eight hours and thirteen minutes: 
the shortest passage was from Howth, five hours and 
thirty minutes. The best point for a steam vessel, in very 
bad weather, was directly head to wind; both wheels 
could then act at the same time. The captains sometimes 
kept the vessel away, when it was blowing very strong, 
two or three points ; then, when they got on the opposite 
coast, they would take in their sails, and steam to the 
harbour in smoother water. Conceived that the success 
of these two vessels, the Sovereign and the Meteor, might 
be attributed to the superior manner in which they were 
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constracted. Had attempted to gain fiome in^nrmatioe 
about everj steam vessel which had been built, and was 
convinced those vessels would do what no other vessel 
could do ; they would go to sea in weather when nothing 
else could. Attributed it not only to the machinery, bat 
to the weight of the hull ; a lighter vesisel in a heavy ses 
would be checked, but those vessels had from their weight 
a momentum so great, that it carried them on when a 
lighter vessel would have been checked; the weight 
acting as a fly-wheel.-^ Was of opinion that three packets 
were a sufficient number for maintaining the commumcs* 
tion between Holyhead and Dublin, so that two should 
sail every day. With the view that there might be a 
imfficient time allowed for looking over the machinery 
and the vessels, it was arranged that they should each be 
six days at sea and three days in harbour, which afforded 
ample time tor inspecting the machinery; and thaifc had 
been fixed in a great measure with reference to the en» 
gineers themselves, who stated that that time was more 
than sufficient for it. — ^There had been some accidents to 
the ei^ines, but these had been attributed to the use of 
cast iron ; the. cross bars and the beanw were of cast iron, 
and if any water was in the cylinder at starting, the check 
caused the cast iron to break ; had now got them made of 
wrought iron, but the lower beams of the engrines were 
still made of cast iron ; there must be some part of iine 
oagine left to give way in caise of any emergency, which 
was better than destroying the cylinder. — Believed the 
Postmasters General had some idea of trying whether 
what are called Scotch engines, might not be better for a 
third vessel, in case of one being built ; they were more 
simple, though perhaps not quite so efficient, not so liable 
to derangement, and were consequently better for a heavy 
sea; and if the vessel wa^ properly built, witness did nat 
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think there couM be any great difTerence in the rale of 
speed. — The boilers in tile Holyhead packets were low 
pressure. Believed Mr. Watt was the inventor of the 
original high-pressure engine, but afterwards abandoned 
it on acrount of the danger. — No cases of late had hap- 
pened of accident from the bursting of boilers. 

Georoc Henry Freeling, Esq. again called in, and 
further examined. Wished to explain some parts of his 
evidence given in a former day. Did not put any fuel or 
coala over the boiler, which was the cause of the Robert 
Bruce catching fire and being bnrnt. The coals are 
stowed in iron cases made for the purpose, in the engine 
room. The other pomt was as to the Ivanhoe. Witness 
was asked whether she was so strong as the other vessels, 
the answer was simply " No." But she was not three 
years old ; she was inspected at Liverpool a short time 
ago, and appeared as strong as any of the eleam vessels, 
except those on the Holybead station. — On board the 
fioyal Sovereign there are twenty births, and two roomsi 
one for ladies and one for gentlemen. 

Captain WiLtrAM Rooers, called in, and examined. 
Commanded one of (he Holyhead packets. Had crossed 
in the Meteor on the 5t!i of February, in the heaviest sea 
witness had seen during the eight years he had been on the 
station. Went in the Meteor on the 5tb of February, 
when ho sailing packet could carry canvass; they must 
have laid to; left at nine at night, and arrived at six the 
next morning. Was satisfied his steam vessel was capable 
of performing what no sailing vessel could do. Had found 
that a steam vessel was capable of making her passage 
much sooner, under all circumstances, than a sailing ves- 
sel ; in one-half of the time upon the average. With the 
wind at W.N.W. blowing hard, and leaving Holyhead in 
a gale of wind, witness had found a steam vessel had been 
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mucli eaeier tlian a ttailing vessel; their extreme length 
overcame llie short sea. — In buildin^f a steam boat she 
ought to have a fiDe enlmnce and her bow (o dear vff, 
Uot to shove any water before (ler; any water she shoves 
before her must he an impedtmetit to the sailing; she 
should have a fine cnlr.iQce, a good line of bearing, and 
her transome pretty squaie, and not too liigli ; the more a 
vessel was stopped from pitching and rolling, the quicker 
she would go. Had found with regard to the Scotch 
boats that all their transomes were too high and too nar- 
row, the consequence of which was, that with a head sea 
they would go with their stern under. Had seen themgu 
boat and every thing under; the transome being square 
and low and fine under, so as to give them a right line of 
bearing, would stop their pitching and rolling, and make 
tliem easy on the sea, and add to iheir speed. The Meteor 
and the Sovereign were filled up solid to the floor-head, 
caulked inside and out, having no tree naik, but bolted 
and copper nailed. The bolts were driven upon a ring, 
and clenched at both ends. The diagonal fastening is a 
plank three inches thick, fore and aft, three and a half 
thick midships, and nine wide, leading from the floor- 
head to the shelf, taking in Ave or six timbers; and filled 
by truss pieces into triangles, so that it was almost 
mipossible that the form of the vessel would alter. 
Would prefer Boultoii and Watt's engine to any others 
their boilers were very superior, and never short of 
steam. Boulton and Watt had been accustomed to 
vessels for rivers, and the engines were made rather too 
slight for the channel; the shaft was hollow, and of cast 
iron, but they had been replaced by solid shafts. Sails 
assisted the vessel very much ; had used them every way, 
except going head to wind, within four points of the wind. 
Had found the Sovereign go as fast in a caTm as at any otfaer 
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time. U muet not be thought that a steaiit boat mnniikg 
before the wind iu a ^le and a heavy sea, ought to make 
tlie quickeet passage, as they were then obliged to shut off 
half tlie steam, or great part of it ; for should the full 
power be on, the wheels running two or three times round 
without touching any thing between the trough of the sea, 
and then being brought up all at once, something would 
probably give way. Was of opinion, that in the event of 
the engine , failing, with the assistance of sails and the 
anchor, the packet might be kept in perfect safely. 

Captain William Rogers, again called in, and further 
examined. On the 16th of May, blowing hard irom the 
S. W. 3. P. M. witness left Gravesend on board the So- 
vereign, in company with the Meteor steam packet, with 
seven or eight men on board of each. At nine anchored 
in the Dotvns, blowing very hard; she rode very easy 
with thirty-five fathom cable in five fathoms water. On 
Thursday, the 18th, fresh gales from W.S.W. 5.a.m. 
weighed anchor and steamed for Portsmouth ; wind (lead 
on end. 4. p. m. made the Owers Light ; hazy weather. 
9. p. M. very heavy gales and thick weather. Asked the 
engineer what coals he had on board, and was told five 
hours ; were then obliged to steam in for the land. At 
10 made the Nab Light upon the starboard quarter, about 
a quarter of a mile ; shortened steam fur the Meteor to 
come np. At 11 anchored at St. Helen's, in six fathoms 
water, with forty fathom cable ; hard gale. On the I9th, 
3. 30. A. M. weighed anchor and ran into Portsmouth 
harbour; made fast to one of the buoys along-side His 
Majesty's ship the Queen Charlotte ; were then employed 
in getting coals in, and very bad they were. At 4. 20. got 
' under weigh and steamed out of the harbour, and at 9 
passed through the Needles against a flood tide. This day 
was fine weather, and light airs fi-om the N. W. At I. 30. 
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p. M. aooboreil in Falmouth harbour, and remained a week 
tu rlean the boilers, to caulk the decks, and so on. Sailed 
from Falmouth the 26lh, wind N. W. fresh gales. At 5. 30. 
past the Longabips Lights. At 9 in a squall, with bearj 
rain, the wind shifted to the N. N, E. blowing very h«ivy 
and a heavy sea, the vessels going from three knots to 
three and a half, head to wind, blowing hard. At 7 
made Lundy Island, bearing E. by S. passed several 
vessels lying to; passed a large smack, lying to, under 
close reefed mainsail. At 8 made sad upon the vessels; 
stood more to the southward into the Bristol Channel, to 
smoothen the water. At noon mure moderate; water 
smoother; down all sails and steamed for Milford. At 5 
anchored in Milford, found several vessels bad been out ID 
the g.ile and obliged to put back; the vessels that bad 
been put back, bound to Liverpool, said they had never 
experienced worse weather before for many years, (to 
Sunday evening, the wind more moderate, and from N. 
to N, E. At 8 p. M. got under weigh. On Monday, at 4 
p. M. arrived at Holyhead. Had been five days perform- 
ing the voyage, with the wind right a-head down the 
English Channel and up the L'ish. — Considered it im> 
possible for any square-rigged vessel, from a lirst-rale 
down to a sloop of war, to have effected the same. In the 
Downs passed several Indiamen, and 150 xail there that 
could not move down Channel, and at the back of Dud> 
geness passed r20 more. Witness would describe to the 
committee the exact improvement he would recommend 
as to the construction of a new steam vessel. — Should 
make her a foot narrower, and raise her floor-head as little, 
take off the roundings, with her engines put nearer the 
centre, the boilers much lower, and the wheels narrower. 
Had observed in vessels with wide wheels, the lee wheel 
was a great deal under the water, and the other out ; by 



Ilie width of them it increai^ed the angle ; and although a 
wide wheel was of gTPat advantage in a river, it was a 
great disadvantage in a sea: stippoRing there were two 
forty-horse power engines, would not have more than a 
Bsven-feet wheel ; and if there were two thirty-horse 
power, six and a half would be sufficient. On board the 
Meteor and Sovereign, to prevent accidents from fire, there 
is water all roiuiil the furnaces and boilers, and they are 
kept three feet from the bottom, about fifteen inches from 
the side, and twelve inches from the deck; and it was 
quite impossible that any accident could happen ; there is 
water imder and on the sides of the hre places : in those 
boats that are fitted up upon the Clyde there is nothing; 
but brick and mortar below the furnaces. The Meteor 
and Sovereign have iron. 

Captain William Rogers, again called in, and further 
examined. In the event of building a new steam packet, 
would recommend that she should be built on Sir Robert 
Sepping's plan, as to mode of fastening, &c. only a little 
finer at each end, and one foot narrower than the Sovereign 
and Meteor, to be 95 feet in the keel, 105 or 106 upon 
deck, and 19 feet in the beam, about 180 tons, her tran- 
somes square, and not very high out of the water The 
improvements in the engine would be to make them a little 
stronger, and the boilers a little longer, keeping them 
more from the side of the vessel, so that the heat might 
not affect her, and more room to go round them, and to 
put the boilers lower down. It would help to prevent 
their rolling. The Talbot's boilers are a little higher than 
the Ivanhoe's ; by putting the Ivanboe's lower down, 
found she did not roll near as much. Would have the 
two mam beams put close to the wheel, which would re- 
duce the weight very much, and strengthen and make the 
vessel much easier, as by being so far asunder adds great 
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weight, and acts as a lever. There shouM be twelve 
paddlea, about seven feet lono;,aDd nineteen to twenty-one 
inches wide. The engine should be something between 
sixty and eighty-horse power, but this mtist depend upoD 
the fineness of the vessel, and the water she will draw. If 
the engine was to be made much stronger, in that case 
must not go further than two ihirty-horse power engines, 
as then the weight might be too much. Should recom- 
mend, with regard to the sails, a large lug forward, and a 
jib, and a fore and aft mainsail; and in case any thing 
should happen to the engine, would keep a square topsail 
on board, and a gaff topsail aft, but not to be used except 
in case of necessity. 

Mr. James Brown, called in, and examined. Belonged 
to llie house of Boulton and Watt. Superintended the 
erection of the engines on board tlie Meteor and Sovereign 
steani packets. Generally considered the working parts, 
tile cross bars, the side rods, and the side beams most 
liable to fail. Attributed the cross bars having broken on 
board these vessels, in some instances, to want of caution 
on the part of tho engineer, and in other cases from stress 
of weather ; they were now made of wrought iron for sea 
vessels. Had put engines into most of the vessels on the 
river Thames, the Dover station, and Leith. Upon the 
Leith station one or two cru^ bars had broken, and that 
was entirely from want of caution on the part of the engi< 
neer in starting the engine; the other vessels were the 
Dasher and Arrow, on the Dover station ; there was one 
accident of a cross bar breaking in the Dasher. Did not 
conceive that an engine could be made without being 
liable to break ; there were some parts so small that they 
must give way, and it was better the most insignificant 
pM'ts should fail, than some of the principal ones, because 
they were easier repaired. Would require more room than 
"as granted in the Sovereign and Meteor, as it would be 
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better to get round the boilers entirely ; tliey could then 
be painted every month, -ffhich would be a great ad- 
vantage, for the action of the salt water is very detrimental 
to the iron ; they ought to be painted every three weeks, 
or every month; where a boiler will not leak with fresh 
water, it will with salt water ; and it forms an incrusta- 
tion upon the surface by exposure to the atmosphere; they 
should be pumped out, and frequently cleaned. Should 
think the engineer generally looked over his engine every 
morning before he started, to see that every part was pro- 
perly oiled, and that every screw and joint was tight. If 
BO inspected, once a fortnight would be sufficient to exa- 
mine the packings of the slides and pistons. Would make 
the paddles for a new engine the same as for the Leith ves- 
sels; they are made with wooden floats, in one piece, hav- 
iog three seta of arms, and the bolts are of a peculiar des- 
cription, which allows the paddles to slip from the outer 
end of the arm towards the centre of the shaft, by which 
means a vessel may use her sads the same as any other ves- 
sel ; should any thing give way, there would be nothing 
but the arms in the water. That sort of excessive violence 
which may contribute to injure and break the engine, may 
be occasioned by any of the working parts getting loose, 
any of the screws getting between the finer parts, or the 
water getting upon the top of the piston in starting the 
engine, the latter of which is occasioned by the condeniwd 
steam that forms from the boilers after the passage is over ; 
it gets through the steam pipe to the cylinder and con- 
denses there, perhaps to the depth of lU inches on the top 
of the piston, and if the engine is started suddenly without 
it being cleared away, it has not time to get through the 
thoroughfares. The consequence is, that it is jammed 
between the top of the piston and the niider side of the 
cyiiiider cover, and risks (he breakage of some part; as 
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i miut gire way, anil 
Ae vciker {Hrta of eoone vBI go fin<. Uanlly thought 
il piMiAle that iiv omM lake place vnfaoul great Degli> 
gMM, be< — e ihe fvraaccs wer« completely surroanded 
wilb fifc iachei WwMor noad emy part, and it was only 
m nkmg aot the fire, bmI «efflectnur lo water it, tiiat any 
weddaAtamU Uke pWe; it was raked out upon an iroa 
■mt. 'So ndlia^ of die Teavl could ibrow tlie 6re about, 
ifae BBBt be pdduag' to a gnat degree if that was to take 
plae& Tfca coab are owned in boxes in IVont of the 
buda^ aa as to he T%fal and left for the fireman. Hardly 
eoooMTed o« board tbeae veeads, wbere coDdensiog eDginea 
were used, thai it was possible (bat a boiler could burst; 
tbej were geaerallT provided wiib two safety-valves, and 
tbe steam osed was aboat from two and a balf to three 
poands pressure upon a square inch, at which pressure it 
blew off by the safety-ratve of its own accord. — Boultun 
and Watt had made their safety-valrcs for many years tu 
the way they now are. inaccessible for any person to load 
them by putting additional weight upon them ; had seen 
the Scotch engine men, in starting their engines, place 
their feet upon the safety-valve. Supposing that the 
safety-valves should get choked, the steam would come off 
at tbe feed pipes; it would not give way under any cir- 
cumstance, not even though the valves were choked, the 
pressure was so extremely small : the boilers were calcu- 
bited to sustain 50 times the pressure required of them. — If 
any part of the boiler, by length of use, became very thin, 
and gave way, it would merely rend, if malleable iron. 
The accidents that happened from boilers, sometime ago, 
arose from their being made on the high-pressure princi- 
pie, and bein? made of cast iron. The Meteor consumed 
about seven bushels of coals per hour, r^her under ; she 
B then working above her full speed ; the Sovereign was 



from nine and a quarter to nine and a half; the Meteor 
had two thirty-horse engines, and the Sovereign tivo forty- 
horse engines ; the latter, when using that quantity of coal, 
was going about nine miles and three-quarters per hour. 
A bushel of good Newcastle coal was reckoned equal to 
one hundred weight of Scotch coal; so that it came to 
very nearly the same thing; the Scotch coal generally 
burnt very free, and so did the Staifordshire, but the 
bushel of Newcastle coal was equal to a hundred weight 
of either. The standard bushel of Newcastle coals should 
weigh eighty-eight pounds ; the best Wall's End, eighty ; 
and the Wylara, seventy-seven. Had found, that by 
actual weight, the specific gravity of the Wylam coal was 
much under that of the Wall's End ; the latter was not 
good for working engines. The best coal for steam en- 
gines was the Halbeath or Inverkei thing, from a place in 
Fife called Inverkeitbing; its peculiar value lay in burn- 
ing free, and becoming a complete white ash, without 
caking upon the fire bars; the sulphur in coals would 
destroy the fire bars in a short time. Had found incon- 
venience from salt forming in the boilers ; when the man- 
hole cover was taken off, and they were exposed to the 
atmosphere, the water then became crystallized, which 
rendered them very difficult to clean; this had been 
avoided by constructing pumps or corks to let the water' 
through the side of the ship without the man-hole hein^ 
opened. The salt water oxidates iron very rapidly in- 
deed, if it be allowed to lie upon it. On board a steam 
vessel a boiler constantly in use would last from fonr to 
five years with care ; it was the only part of the machinery 
subject to decay. These engines, upon the whole, require 
a considerable degree of care and superintendence, and 
skilful engineers ; more care than the land engines : every 
engine requires great care. 
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C ATT ASM JoBM Pbbct, ctUed W, Sid 
nuuided tbe Heio •team packet, from hamiam to 
and tbe Victory, beloDgiDf; to die nme conpny; 
nuuided the Victory lor tliree yem; the HevD was bvii 
laatyear. Tbe Hero has two engiBearffifly-liorae power, 
made by Murray and Fentoo, of Leeds, and carries 427 
tons. Tbe Hero consomes {wetQr wdl tbree qmntas of a 
cbaldron, or twen^-seven bosheb of coak, TiOiMlnn 
8m«, per boor; in general, tbey make away widi 
cbaldrons in tbe paange, tbat was owing to tbe want of 
floes; bad not flues enough; had £Mir famaces. The 
distance from London to Margate was about e%hty-ibar 
miles: generally nuide the pasnnge in about seren homs 
and a half, tbat was tbe arerage passage; one pmiwy 
was made in six hours and sixteen mmutes, wiA the 
wind and tide. The paddles were eig^t fiset in thecenire. 
Had been trjrii^ an experiment with twdyes paddles on a 
wheel, and it answered Fcry well ; last summer worked 
with sixteen paddles, tbree feet and a half bekweoi eadk* 
The paddle of the Victory was Ato feet and a half, in one 
place; the Hero worked more widi the paddles beii^ 
further apart, and they were lowered a little. They take 
hold of the water about seventeen (mt eighteen inches, and 
the engine makes thirty strokes per minute. She onoe did 
op to thirty-one, but twenty-nine and diirty. is about the 
average^ — ^The passage from Lcmdon to Margate reqinred, 
on an arerage, about seven hours imd a half, and diey 
went at the rate of belsween elcFen and twelve miles per 
hour. 



REPORT. 



Select Committee appointed to inquire into the state of the 
8 from London to Holyhead, and from Chester to Holy- 



Iieail : into the regulations for conveying liis Majesty's Mails 
between London and Dublin, and between tLe Northern Parts 
of England and Dublin, and between Dublin and the interior 
of Ireland ; and into the state of the Muil-Coaeh Roads in 
Ireland ; and to report their observations thereupon; to- 
gether with the Minutes of the Evidence taken before them, 
from time to time, to the House ; have, pursuant to the order 
of the House, further examined the Matters to theui referred, 
and have agreed to the following Report : 

YouK Committee have proceeded, iu compliance with that 
part of the instructions of the House which relates to the 
conveyance of his Majesty's Mails between Holyhead and 
Howth, to examine into the circumstances attending the 
establishhig of Steam-Packets at Holyhead, in the course 
of last year. For this purpose two vessels, called the Royal 
Sovereign and Meteor, vrere built by order of the Post- 
masters General, in the River Thames, on a plan to give 
to them the greatest possible strength, and the advantage 
of the most improved engines. The evidence which has 
been given to your Committee by a Commander of one of 
them, Captain Rogers, leaves no doubt of the practicability 
of performing the Post-office service at Holyhead by 
Steam- Vessels, with as great safety as it can be performed 
by Sailing Vessels, even in the most tempestuous weather ; 
and at the same time by voyages, on an average, not ex- 
ceeding one-half of the number of houre which formerly 
was the average of the voyages of the Sailing Packets. 
But your Comiiiittee are not as yet prepared to enter into 
all the details of this important subject; their object in 
presenting this Report to the House, is merely to convey 
to the House an opinion they have came to, in consequence 
of the evidence of Mr. George Henry Freeling, and of 
Captain Rogers, that tlie Postmasters General ought im- 
mediately to give orders for building a new Steam-Packet, 
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so that at least there should be three Packets on the 
Holyhead Station, before the commencement of the next 
winter, of that peculiar construction which has enabled the 
Sovereign and Meteor to go to sea throughout the whole 
of the last winter. 

Your Committee strongly recommend the same general 
plan of construction should be adopted in building a new 
Packet as that on which the Sovereign and Meteor w^re 
built; and also, that the engine should be made by 
Messrs. Boulton and Watt. They also recommend that 
the suggestions of Captain Rogers should be attended to 
in all matters respecting the building of a new Packet, as 
those suggestions will come from a person who appears to 
your Committee to possess great knowledge in seamanship 
and ship-building, and, by the experience of commanding 
a steam-vessel through a most tempestuous winter, to have 
made himself master of the best method of managing one 
at sea, and also of all the main properties of the mechanism 
of the engine. 

Your Committee have annexed to this Report the evi- 
dence of Mr. George Henry Freeling, Captain Rogers, 
Mr. J. Brown, and Captain John Percy, and also certain 
Queries which they have sent to several persons who have 
had the most experience in constructing and navigating 
steam-vessels. They intend to continue their inquiries 
upon this interesting subject, and hope to present to the 
House a full Report upon all its details before the close of 
the Session. 



APPENDIX (E). 



Report of a Select Committee of the Home of Commons, 

appointed to inquire into, and to report upon, the 

proportionate Tolls which ought to he imposed upon 

Coaches and other vehicles propelled hy Steam or Gas 

upon Turnpike Roads, Sfc. 

<< rxi 

X HE Committee proceeded in the first instance to 

inquire how far the science of propelling carriages on com- 
mon roads, by means of steam or mechanical power, had 
been carried into practical operation ; and whether the 
result of the experiments already made had been suffi- 
ciently favourable to justify their recommending to the 
House that protection should be extended to this mode of 
conveyance, should the tolls imposed on steam-carriages, 
by local Acts of Parliament, be found prohibitory or ex- 
cessive. 

** In the progress of their inquiry they have extended 
their examination to the following points, on which the 
chief objections to this application of steam have been 
founded : viz. the insecurity of carriages so propelled, from 
the chance of explosion of the boiler, and the annoyance 
caused to travellers on public roads, by the peculiar noise 
of the machinery, and by the escape of smoke and waste 
steam, which were supposed to be inseparable accompani- 
ments. 
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" It being also in charge to the Committee ' to report 
upon the proportion of tolls which should be imposed upon 
steam-carriages/ they have examined several proprietors 
of those already in use, as to the effect produced on the 
surface of roads by the action of the propelling wheels. 

" As this was too important a branch of their inquiry to 
rest entirely on the evidence of individuals whose personal 
interest might have biassed their opinions, the Committee 
also examined several very scientific engineers, by whose 
observations on the causes of the ordinary wear of roads 
they have been greatly assisted. 

" The Committee were directed also to report * on the 
probable utility which the public may derive from the use 
of steam-carriages.* On this point they have examined a 
member of the Committee, well known for his intelligence 
and research on subjects connected with the interests of 
society, and they feel that they cannot fulfil this part of 
their instructions better than by merely referring the 
House to the evidence of Colonel Torrens. 

" These inquiries have led the Committee to believe that 
the substitution of inanimate for animal power, in draught 
on commpn roads, is one of the most important improve- 
ments in the means of internal communication ever intro- 
duced. Its practicability they consider to have been folly 
established ; its general adoption will take place more or 
less rapidly, in proportion as the attention of scientific men 
shall be drawn by public encouragement to further im- 
provement. 

" Many circumstances, however, must retard the general 

introduction of steam as a substitute for horse-power on 

roads. One very formidable obstacle will arise from the 

prejudices which always beset a new invention, especially 

which will at first appear detrimental to the interests 

naany individuals. This difliculty can only be sur- 
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mounted by a long course of successful, though probably 
unprofitable, experiment. The great expense of the en- 
gines must retard the progress of such experiqcients. The 
projectors will, for a long period, work with caution, fear- 
ing not only the expense incurred by failure, but also that 
too sudden an exposure of their success would attract the 
attention of rivals. It is diflBcult to exemplify to the House 
how small and apparently unimportant an adaptation of 
the parts of the machinery, or of the mode of generating or 
applying the steam, may be the cause of the most rapid 
success ; yet he who by a long course of experiment shall 
have first reached this point, may be unable to conceal the 
improvement, and others will at once reap the benefit of it. 
" The Committee are convinced that the real merits of 
this invention are such, that it may be safely left to con- 
tend with these and similar difficulties ; there are others, 
however, from which the Legislature can alone relieve it. 
Tolls to an amount which would utterly prohibit the intro- 
duction of steam-carriages, have been imposed on some 
roads ; on others, the trustees have adopted modes of ap- 
portioning the charge which would be found, if not abso- 
lutely prohibitory, at least to place such carriages in a very 
unfair position as compared with ordinary coaches. 

" Two causes may be assigned for the imposition of such 
excessive tolls upon steam-carriages. The first, a deter- 
mination on the part of the trustees, to obstruct, as much 
as possible, the use of steam, as a propelling power ; the 
second, and probably the more frequent, has been a mis- 
apprehension of their weight and eflect on roads. Either 
cause appears to the Committee a sufficient justification 
for their recommending to the House, that legislative pro- 
tection should be extended to steam-carriages, with the 
least possible delay. 

" It appears from the evidence that the ^irst extensive 
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trial of steam as an agent in draught on common roads, 
was that by Mr. Gumey, in 1829, who travelled from 
London to Bath and back, in his steam-carriage. He 
states, that although a part of the machinery which brings 
both the propelling-wheels into action, when the full power 
of the engine is required, was broken at the onset, yet that 
on his return he performed the last eighty-four miles, from 
Melksham to Cranford Bridge, in ten hours, including 
stoppages. Mr. Gumey has given to the Committee very 
full details of the form and power of his engine, which will 
be found in the evidence. 

^' The Committee have also examined Messrs. Summers 
and Ogle, Mr. Hancock, and Mr. Stone, whose steam- 
carriages have been in daily use for some months past on 
common roads. It is very satisfactory to find, that although 
the boilers of the several engines described vary most 
materially in form, yet that each has been found fully to 
answer the expectation of its inventor. So well, in fact, 
have their experiments succeeded, that in each case where 
the proprietors have ceased to use them, it has only been 
for the purpose of constructing more perfect carriages, in 
order to engage more extensively in the business. 

" When we consider that these trials have been made 
under the most unfavourable circumstances — at great ex- 
pense — in total uncertainty — without any of those guides 
which experience has given to other branches of engineer- 
ing — that those engaged in making them are persons 
looking solely to their own interest, and not theorists, 
attempting the perfection of ingenious models — when we 
find them convinced, after long experience, that they are 
introducing such a mode of conveyance as shall tempt the 
public, by its superior advantages, from the use of the 
lirable lines of coaches which have been generally 
Bhed — it surely cannot be contended that the in- 
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troduction of steam -carriages on commoii roads is, as 
yet, an uncertain experiment, unworthy of l^ialative 
attention. 

" Besides the carriages already described, Mr, Gumey 
has been informed that from ' twenty to forty others are 
being built by different persons, all of which have been 
occasioDed by his decided journey in 1829." 

" The Committee have great pleasure in drawing the 
attention of the House to the evidence of Mr. Farey. His 
opinions are the more valuable, from his uniting, in eo 
great a degree, scientific knowledge to a practical acquaint- 
ance with tile subject under consideration. He states that 
he has ' no doubt whatever but that a steady perseverance 
in such trials will lead to the general adoption of steam- 
carriages : ' and again, ' that what has been done proves 
to his satisfaction the practicability of impelling stage- 
coaches (by steam) on good common roads, in tolerably 
level parts of the country, without horses, at a speed of 
eight or ten miles per hour,' 

" Much, of course, must remain to be done in improv- 
ing their efficiency ; yet Mr. Gumey states, that he has 
kept up steadily the rate of twelve miles per hour ; that 
' the estreme rate at which he has run is between twenty 
and thirty miles per hour.' 

" Mr. Hancock ' reckons that with his carriage he could 
keep up a speed of ten miles per hour, without injury to 
the machine.' 

" Mr. Ogle states, ' That his experimental carriage went 
from London to Southampton, in some places, at a velocity 
of from thirty-two to thirty-five miles per hour.' 

" ' That they have ascended a hill rising one in six, at 
sixteen and a half miles per hour, and four miles of the 
London road, at the rate of twenty-four miles and a half 
per hour, loaded with people.' 
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'^ ' That his engine is capable of carrying three tons 
weight, in addition to its own.' 

" Mr. Summers adds, * That they have travelled in the 
carriage at the rate of fifteen miles per hour, with nineteen 
persons on the carriage, up a hill one in twelve/ 

^' ' That he has continued for four hours and a half to 
travel at the rate of thirty miles per hour.' 

" ' That he has found no difficulty of travelling over 
the worst and most hilly roads.' 

** Mr. James Stone states, that ' thirty -six persons have 
been carried on one steam-carriage.' 

" * That the engine drew five times its own weight 
nearly, at the rate of from five to six miles per hour, 
partly up an inclination.' 

'^ The several witnesses have estimated the probable 
saving of expense to the public, from the substitution of 
steam-power for that of horses, at from one-half to two- 
thirds. Mr. Farey gives as his opinion, * That steam- 
coaches will very soon, after their first establishment, be 
run for one-third of the cost of the present stage-coaches.' 

" Perhaps one of the principal advantages resulting from 
the use of steam will be, that it may be employed as 
cheaply at a quick as at a slow rate ; ' this is one of the 
advantages over horse -labour, which becomes more and 
more expensive as the speed is increased. There is every 
reason to expect, that in the end the rate of travelling by 
steam will be much quicker than the utmost speed of 
travelling by horses ; in short, the safety to travellers will 
become the limit to speed.' In horse-draught the opposite 
result takes place: ^ in all cases horses lose power of 
draught in a much greater proportion than they gain 
speed ; and hence the work they do becomes more expen- 
sive as they go quicker.' On this, and other points referred 
to in the report, the Committee have great pleasure in 



drawing the attention of the House to the valuable evi- 
dence of Mr. Daviea Gilbert. 

" Without increase of cost, then, we shall obtain a 
power which will insure a rapidity of internal communi- 
cation far beyond the utmost speed of horses in draught ; 
and although the performance of these carriages may not 
have hitherto attained this point, when once it has been 
eatablished, that at equal speed we can use steam more 
cheaply in draught than horses, we may fairly anticipate 
that every day's increased experience in the management 
of the engines will induce greater skill, greater confidence, 
and greater speed. 

" The cheapness of the conveyance will probably be for 
some time a secondary consideration. If at present it can 
be used as cheaply as horse-power, the competition with 
the former modes of conveyance will first take place as to 
speed. When once the superiority of steam-carriages shall 
have been fully established, competition will induce econo- 
my in the cost of working them. The evidence, however, 
of Mr. M'Neil, shewing the greater efiiciency with dimin- 
ished expenditure of ftiel by locomotive engines on railways, 
convinces the Committee that experience will soon teach a 
better construction of the engines, and a less costly mode 
of generating the requisite supply of steam. 

" Nor are the advantages of steam-power confined to 
the greater velocity attained, or to its greater cheapness 
than horse-dranght. In the latter, danger is increased, io 
as large a proportion as expense, by greater speed. In 
steam-power, on the contrary, ' there is no danger of being 
run away with, and that of being overturned is greatly di- 
minished. It is difficult to control four such horses as can 
draw a heavy carriage ten miles per hour, in case they are 
frightened, or choose to run away; and for quick travelhog 
they must he kept in that state of courage, that they are 
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always inclined for running away, particularly down hills, 
and at sharp turns of the road. In steam, however, there 
is little corresponding danger, being perfectly controllable, 
and capable of exerting its power in reverse in going down 
hills.' Every witness examined has given the fullest and 
most satisfactory evidence of the perfect control which the 
conductor has over the movement of the carriage. With 
the slightest exertion it can be stopped or turned, under 
circumstances where horses would be totally unmanage- 
able. 

" The Committee have throughout their examinations 
been most anxious to ascertain whether the apprehension, 
very commonly entertained, that an extensive use of these 
carriages on roads would be the cause of frequent accidents 
and continued annoyance to the public, were well founded. 

*' The danger arising from the use of steam-carriages 
was stated to be two-fold; — that to which passengers are 
exposed from explosion of the boiler, and the breaking of 
the machinery, and the effect produced on horses by the 
noise and appearance of the engine. 

" Steam has been applied as a power in draught in two 
ways ; in the one, both passengers and engine are placed 
on the same carriage ; in the other, the engine-carriage is 
merely used to draw the carriage in which the load is con- 
veyed. In either case, the probability of danger from 
explosion has been rendered infinitely small, from the judi- 
cious construction of boiler which has been adopted. 

" These boilers expose a very considerable surface to the 
fire, and steam is generated with the greatest rapidity. 
From their peculiar form, the requisite supply of steam 
depends on its continued and rapid formation ; no large 
and dangerous quantity can at any time be collected. 
Should the safety-valve be stopped, and the supply of 
t£am be kept up in greater abundance than the engines 
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require, explosion may take place, but the danger would 
be comparatively trifling, from the small quantity of Steam 
which would act on any one portion of the boilers. As an 
engine invented by Mr. Trevithick has not been as yet 
applied to carriages, the Committee can do no more than 
draw the attention of the House to the ingenuity of its con- 
trivance. Should it in practice be found to answer his 
expectation, it will remove entirely all danger from ex- 
plosion. In each of the carriages described to the Com- 
mittee, the boilers have been proved to a considerably 
greater pressure than they can ever have to sustain. 

" Mr. Farey considers that ' the danger of explosion is 
less tban the danger attendant on the use of horses in 
draught ; that the danger in these boilers is less than in 
those employed on the rail-way, although there even the 
instances of explosion have been very rare.' The danger 
arising to passengers from the breaking of the machinery 
needs scarcely to be taken into consideration ; it is a mere 
question of delay, and can scarcely exceed in frequency the 
casualties which may occur with horses. 

" It lias been frequently urged against these carriages, 
that, wherever they shall be introduced, they must effectu- 
ally prevent all other ti-avelling on the road, as no horse 
will bear quietly the noise and smoke of the engine. 

" The Committee believe that these statements are un- 
founded. Whatever noise may be complained of, arises 
from the present defective construction of the machinery, 
and will be corrected as the makers of such carriages gain 
greater experience. Admitting even that the present en- 
gines do work with some noise, the effect on horses has 
been greatly exaggerated. All the witnesses accustomed 
to travel in these carriages, even on the crowded roads 
adjacent to the metropolis, have stated, that horses are 
very seldom frightened in passing. Mr. Farey and Mr. 
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McNeil have given even more favourable evidence, in 
respect to the little annoyance they create. 

'^ No smoke need arise from sach engines. Coke is 
usaally burned in locomotive engines on railways to obvi-* 
ate this annoyance ; and those steam- carriages which have 
been hitherto established also bum it. Their liability to 
be indicted as nuisances will sufficiently check their using 
any offensive fuel. 

'^ There is no reason to fear that waste steam will cause 
much annoyance. In Mr. Hancock's engine, it passes into 
the fire ; and in other locomotive engines it is used in aid 
of the power, by creating a quicker draught, and more 
rapid combustion of the fuel. In Mr. Trevithick's engine 
it will be returned into the boiler. 

^' The Committee, not having received evidence that 
gas has been practically employed in propelling carriages 
on common roads, have not considered it expedient to 
inquire as to the progress made by several very scientific 
persons, who are engaged in making experiments on gases, 
with the view of procuring a still cheaper and more effi- 
cient power than steam. 

^* The Committee having satisfied themselves that steam 
has been successfully adopted as a substitute for horse- 
power on roads, proceeded to examine whether tolls have 
been imposed on carriages thus propelled so excessive as 
to require legislative interference ; and also to consider the 
rate of tolls by which steam-carriages should be brought to 
contribute, in fair proportion with other carriages, to the 
maintenance of the roads on which they may be used. 

*' They have annexed a list of those local Acts in which 
tolls have been placed on steam, or mechanically-propelled 
carriages. 

" Mr. Gumey has given the following specimens of the 
Qssive rates of tolls adopted in several of these Acts. 



301 

On the Liverpool and Prescot road, Mr. Gurney's carriage 
would be charged 21. 8s., while a loaded stage-coach 
would pay only 4^. On the Bathgate road, the same 
carriage would be charged 1/. 75. Id., while a coach drawn 
by four horses would pay 5s. On the Ashbumham and 
Totness road, Mr. Gumey would have to pay 21., while a 
coach drawn by four horses would be charged only 3*. 
On the Teignmouth and Dawlish roads, the proportion is 
12^. to 2^. 

*' Such exorbitant tolls on steam-carriages can only be 
justified on the following grounds : — 

** First, because the number of passengers conveyed on, 
or by, a steam-carriage, will be so great as to diminish 
(at least to the extent of the difference of the rate of toll) 
the total number of carriages used on the road ; or, 
secondly, because steam-carriages induce additional ex- 
pense in the repairs of the road. 

" The Committee see no reason to suppose that, for the 
present, the substitution of steam-carriages, conveying a 
greater number of persons than common coaches, will take 
place to any very material extent; and as to the second 
cause of increased charge, the trustees, in framing their 
tolls, have probably not minutely calculated the amount 
of injury to roads likely to arise from them. 

" The Committee are of opinion, that the only ground 
on which a fair claim to toll can be made, on any public 
road, is to raise a fund, which, with the strictest economy, 
shall be just sufficient, first, to repay the expense of its 
original formation ; secondly, to maintain it in good and 
sufficient repair. 

" Although the Committee anticipate that the time is 
not far distant when, in framing a scheme of toll for 
steam-carriages, their general adoption, and the great 
number of passengers which will be conveyed on a small 
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number of vehicles^ will render it necessary, not only to 
consider the amoant of injury actually done to the road, 
but also the amount of debt which may have been incurred 
for its formation or maintenance ; yet at present they feel 
justified^ by the limited number of such carriages^ and by 
the great difficulties they will have to encounter, in recom- 
mending to the House, that, in adopting a system of toll, 
the proportion of ' wear and tear ' of roads by steam, as 
compared with other carriages, should alone be taken into 
consideration. 

" Unless an experiment were instituted on two roads, 
the one reserved solely for the use of steam-coaches, the 
other for carriages drawn by horses, for the purpose of 
ascertaining accurately the relative wear of each, it would 
be quite impossible to fix, with certainty, the proportion of 
tolls to which, on the same road, each class of vehicles 
should be liable. To approximate, however, as nearly as 
possible to the standard of relative wear, the Committee 
have compared the weights of steam-carriages with those 
of loaded vans and stage-coaches. They have tried to 
ascertain the causes of the wear of roads; also the pro-^ 
portion of injury done by the feet of horses, and the wheels 
of coaches; how far that injury is increased by increased 
velocity; and also in what d^ree the wear of roads by 
loaded carriages may be decreased by any particular form 
of wheel. 

" The Committee would direct the attention of the 
House especially to the evidence of Mr. M*Neil, whose 
observations on this branch of the subject, being founded 
on a long course of very accurate experiments, are pecu- 
liarly interesting and useful. He estimates that the feet 
of horses, drawing a fast-coach, are more injurious to the 
road than the wheels, in the proportion of three to one, 
nearly; that this proportion will increase with the velo- 



city ; that by increftsing the breadth of the tires of the 
wheels, the injury done to roads by great weights may be 
counteracted. He considers, that on a good road, one ton 
may be safely carried on each inch of width of tire of the 
wheels. 

" Mr. M'Adam and Mr. Telford have given corre- 
sponding evidence, as to the greater wear caused by 
horses' feet than by wheels of carriages. 

" Each of the above witnesses agrees, that, adding the 
weight of the horses to that of the coach, and comparing 
the injury done to a road by a steam-carriage of a weight 
equal to that of the coach and horses (the wheels being of 
a proper width of tire), the deterioration of the road will 
be much less by the steam-carriage than by the coach and 
horses. 

" As to the injury to roads which is anticipated from 
the ' slipping' of the wheels, it may safely be left to the 
proprietors to correct: the action of the wheel slipping 
involves a waste of power, and au useless expenditure of 
fuel, which, for their own sakes, they will avoid. 

" Apprehensions have also been entertained, that although 
the peculiar action of the wheels may not be injurious, yet 
that, from the great power which may be applied, if the 
steam were worked at very high pressure, or if the size of 
the engine were increased, greater weight might be carried 
than the strength of the road could bear. 

" Undoubtedly, in proportion to the advance of the 
science will be the increase of weight drawn by an engine 
with a given expenditure of fuel ; but there are many 
practical difficulties to be surmounted before the weight 
80 drawn can reach the point when it would be destructive 
of roads. There are no theoretical reasons against the 
extension of the size of the engines. The difficulties, ac- 
cording to Mr. Gumey, are of a practical nature, and 
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only in the ^ difficulty of maoagement of a large engine.' 
In proportion as we augment the power of, the engines, 
we must increase their strength, and consequently their 
Weight ; the greater weight will be a material diminution 
of their efficiency. To a certain extent, the power may be 
increased in a greater ratio than the weight; but, with 
our limited knowledge of the application of steam, and 
with the present formation of the public roads, the point 
will be very soon attained, when the advantage of increased 
power will be counterbalanced by the difficulties attendant 
on the increased weight of the engines. 

** The weight of the steam-carriages at present in use 
varies from 53 to 80 cwt. ; but it must be recollected that 
they are mere models ; they were made with attention to 
strength only, to bear the uncertain strain to which they 
would be exposed in the course of experiments, and a very 
considerable diminution of weight may be anticipated. 

** The weight drawn, at the rate of ten miles per hour, 
by Mr. Gumey's engine, has not, on any extent of road, 
exceeded the weight of the drawing-carriage; nor is it 
likely, with the difficulties to be encountered on the present 
lines of road, from their quality and the numerous ascents, 
that the weight drawn will be in excess of the strength of 
the roads. The immense quantity of spare power required 
to surmount the different degrees of resistance likely to 
occur, would render the engine too unmanageable. This 
will appear evident from the force of traction required to 
draw a wagon over the Holyhead and Shrewsbury road, 
which varied from 40 to upwards of 300 lbs. 

'^ In considering the effect on roads, we must not over- 
look one peculiarity, in which they have a great advantage 
over other carriages. In coaches drawn by horses, the 
power being without the machine to be moved, it becomes 
an object of the greatest importance to give as much effect 



as possible to the power, by diminishing the reBislance 
arising from the friction of the wheels npon the surface of 
the road. For this purpose, the proprietors of coaches 
and wagons have adopted every possible contrivance, so 
to reduce the tires of their wheels that a very small por- 
tion of tliera may press on the road : in some coaches they 
are made circular in their cross section, so that the entire 
weight of the carriage presses on a mere point ; should the 
materials be soft, such wheels cut their way into the road 
like a sharp instrument. The owners of wagons, too, have 
adopted a similar plan. Mr. M'Neil states, that the actual 
bearing part of the tire of apparently broad-wheel wagons 
is reduced to three inches, by the contrivance of one band 
of the tire projecting beyond the others. 

" With steam, on the contrary, a certain amount of 
adhesion to the roads is required to give eftect to the 
action of the machinery, or the wheels would slip round, 
and make no progress. It appears of little importance, 
therefore, so far as relates to the engine, whether the re- 
quisite amount of friction be spread over a broad surface 
of tire, or be concentrated to a small point; but as the 
wheels, by being too narrow, would have a tendency to 
bury themselves in every soft or newly-made road, and 
thus raise a perpetual resistance to their own progress, it 
actually becomes an advantage to adopt that form which 
is least injurious to the road. The proprietors who have 
been examined on this point seem to be quite indifferent 
as to the breadth of tire they may be required to use. 

" These considerations have convinced the Committee, 
that the tolls enforced on steam -carriages have, in general, 
far exceeded the rate which their injui-iousneas to roads, in 
comparison with other carriages, would warrant. They 
have found, however, considerable difficulty in framing 
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a scale of tolls applicable to all roads, in lieu of those 
authorised by several local acts. 

** With this view, they have carefully examined the 
various modes of imposing toll, either suggested by the 
witnesses, or already adopted. 
" They are as follow : — 

"1. To place a toll proportioned to the weight of the 

carriage and load. 
" 2. On the number of passengers. 
*' 3. On the horse-power of the engine. 
" 4. On the number of wheels. 
" 6. An unvarying toll. 
** Each of these plans seems liable to serious objections, 
which the Committee beg to submit to the House. 

'^ No plan of toll has been more frequently recom- 
mended than that of a charge in proportion to the weight 
of the engine and load. As this is the most plausible, and 
(if it could be levied without other disadvantages) would 
probably be the fairest standard, the Committee have con- 
sidered it right to state, at some length, their reasons for 
not recommending its adoption. 

^^ If weight be taken as the standard, the toll must be 
a fixed charge, either upon the weight of the engine and 
carriage, without reference to the load ; or, upon an 
estimated average of the load carried ; or, a fluctuating 
charge, according to the weight at the several periods 
of a journey. 

'' The first would be at least free from the uncertainty 
of the other two, and therefore would be preferable ; but 
what scale of charge per cwt. could the Committee recom- 
mend as applicable to all roads ? Their toll should vary 
according to every difierent rate of charge on carriages; 
besides, it would appear to the trustees very unjust to 
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exclude tlie consideration of that which would be deemed 
the moBt material cause of the wear of their roada, viz. 
the load. 

" A fluctuating chaise on weight would be most in- 
jurious to a carriage which will mainly depend for sac- 
cess on its speed : constant altercations would take place 
between the toll- collectors and proprietors ; a minute cal- 
culation would be required at every turn pike- gate ; in 
fact, unless an accountant were placed at each, the Com- 
mittee cannot conceive how the proportions could be satis- 
factorily arranged ; nor would there be any desire, on the 
part of the toll-collector, to shorten the delay occasioned 
by these interruptions. 

" Mr, Gumey has delivered in a scale of tolls, graduated 
according to weight and width of tire of the wheel. As 
this has been drawn up by a person interested in the suc- 
cess of steam-earriages, it might have been expected to 
be more favourable to them. The Committee, however, 
have not adopted it, because of the difficulties and inter- 
ruptions which a fluctuating rate of toll would induce ; 
besides, this scale purports to be intended for a road where 
3d, is charged for a horse drawing, and \d. for a horse not 
drawing ; the scale would be inapplicable, therefore, when 
the charge was 2d. and Id., 3d. and l^rf., 4rf. and \d,, 
4d, and \^d., 8d. and so on. Again, what standard of 
weight, in relation to horse-coaches, could be adopted? 
The average weight of loaded coaches differs very much 
on different roads. It has been suggested, that a loaded 
coach, including the weight of four horses, would weigh 
on an average four tons, and that if 6d. per horse were 
chargeable to the coach, 6d. per ton should be placed on 
a steam-carriage ; this would be unjust, as vans, which 
frequently weigh upwards of sis tons, would only pay '2s., 
and a steam-carriage would pay 3s. Even if the injury 
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done to the road by each were equal, this would be an 
uii£a,ir toll; but it will appear more evidently unjust if 
the greater proportionate injury done by the feet of horses 
drawing, than by the propelling wheeb, be taken into 
consideration. 

" The object of every steam-coach proprietor will be to 
attain the greatest possible lightness of machinery and 
engine ; because thereby he renders his power more effi- 
cient for the draught of the remunerating load. To place 
the toll on the weight of the engine would tend to induce 
him to decrease the strength of his boiler and machinery 
to an extent which might be dangerous to the passengers, 
and very detrimental to the success of steam-traveUii^, 
as the public will easily be led to believe, that accidents, 
really occuring from injudicious legislation, were inse- 
parable from the adoption of this power as an agent in 
propelling carriages. 

'^ The only fair plea for charging tolls on such carriages, 
in proportion to their weight, is to prevent a load being 
propeUed or carried wWch would permanently injure the 
road ; within this limit it would be as injudicious to inter- 
fere with their progressive efficiency (which can only re- 
sult from improvements of the machinery and the system 
of generating and applying steam) as it would be to 
tax carriages drawn by large and well-bred horses^ more 
heavUy than such as were drawn by horses in worse con- 
dition, and of smaller size and power. 

'' The roads at present have to sustain wagons weighing 
at times, with their horses, nearly ten tons ; it is in evi- 
dence, that the breadth of wheels required by various acts 
of Parliament is so easily evaded that it affords no pro- 
tection to the road; there appears to the Committee no 
fair reason to suppose that steam-carriages approaching 
even to this weight will be used on any turnpike-road^ at 



least for a very considerable period, during which the in- 
crease of weight will be gradual, and will give ample 
warning to the legislature when it should interfere. 

" To charge a toll according to the number of passeD- 
gers conveyed, is scarcely less objectionable. If a fluctu- 
ating toll be intended, it would be as inadmissible as to 
propose a similar mode of charging for fest coaches, 
and would be open to all the cavil and interruptions to 
which a fluctuating toll on weight would be liable. If 
the toll were fixed according to the number of passengers 
the carriage were capable of conveying, it would imply 
the necessity of a license, limiting the number of pas- 
sengers, and cramping the progress of improvement of a 
machine, the capabilities of which can only be ascertained 
slowly and by continued experiment, 

" It must be also recollected, that these carriages will 
probably have to travel for a long period without pas- 
sengers, until by their punctuality and safety they shall 
have induced the public to venture in them. Nor is this 
probability weakened by the immense number of pas- 
Bengers who commenced using the locomotive carriages 
on the Manchester and Liverpool railway immediately 
after their introduction. These engines were established 
among a population accustomed to machinery and steam, 
and therefore not entertaining the same apprehensions of 
its danger which will require to be surmounted elsewhere. 

" The trustees of the Liverpool and Prescot road have 
already obtained the sanction of the legislature to chaise 
the monstrous toll of 1*. 6d. per ' horse-power;' as if it 
were a national object to prevent the possibility of such 
engines being used. Besides, they have supplied no 
standard of their own conception of horse-power. En- 
gineers have differed very much in their estimates of this 
power ; there is not, therefore, mucli probability that the 
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opposite interests of a steam-coach' proprietor and toll-- 
collector woald lead to any agreement as to the meaning 
of the term. But suppose the legislature were to settle 
this point, and to arrange that a certain length of stroke 
and diameter of cylinder should represent a certain power, 
we still fail to ascertain that which alone it is essential to 
know, yiz. the actual efficiency of the engine. Can we 
regulate the density, of steam at which an engine of a 
given size should be worked? To be effectual, it would 
be also necessary to ascertain the quantity of water con- 
sumed, and even this check would be indequate with an 
engine on Mr. Trevithick's principle. If the toll be left, 
as at present, on * horse-power,' it would be the obvious 
interest of the proprietor to work with the smallest nomi- 
nal power, but to increase as much as possible the force 
of his steam, thereby increasing the probability of ex- 
plosion. 

'* Some trustees have placed the toll upon the number 
of wheels. The Committee would object to this mode of 
charge, if only because it interferes between the rival 
modes of steam travelling, and gives a bounty in favour of 
that in which the engine is placed on the same carriage 
with the passengers. The opposite plan of separating the 
engine from the carriage is that which probably the pubhc 
will prefer, until the safety of this mode of conveyance shall 
have been fully ascertained. 

" There is still a more serious objection to this mode of 
charge — it tends to discourage the use of separate carriages ; 
although it must be evident, that if a certain weight be 
carried, it will be much less injurious to the road when 
divided over eight wheels, than when carried on four 
only. On this point the Committee must again refer to 
Mr. McNeil's evidence. They cannot, therefore, recom- 
mend the House to adopt a scale of toll which shall in- 



crease in inverse proportion to the injury done to the road.J 
It will be seen in Mr. M'Adam'a evidence, that the toU 
on steam-coaches, imposed by the Metropolitan Coads Act^fl 
is liable to this objection. 

" Some of the local acts have placed an unvarying tollj 
on steam-carriages. This, if moderate, would be i 
jectionable; but the Committee could not propose any 
sum which would adapt itself to the necessary varieties 
of expense in keeping up different roads, by which the 
tolls on common carriages have been regulated. A fixedj 
toll has, too, this disadvantage, that light experimenta 
carriages, or such as are built solely for speed, would 1 
liable to the same toll as steam-carriages heavily laden. 

" The Committee feel that, however strong their co 
viction may be of the comparatively small injury whicl 
properly constructed steam-carriages will do to the roade,! 
yet this convictiou is founded more on theory, aud per- 
haps what may be considered as interested evidence, thanl 
practical experience ; they would therefore recommend that J 
the House should not make, at present, any permanent 
regulations in favour of steam. The experience which 
will he gained in a very few years, will enable the legis- 
lature to form a more correct judgment of the effect of 
steam- carriages on roads than can be now made. They 
therelbre recommend that the tolls imposed on steam- 
carriages by local acts, where they shall be unfavourable 
to steam, shall be suspended during three years ; and that, 
in lieu thereof, the trustees shall be permitted to chai^ 
toll according to the rate to which the Committee have 
agreed. 

" The House will have perceived, in the former part of 
tins report, that there are two modes of applying steam 
in lieu of horses in draught ; one, where the engine and 
passengers are on the same carriage, the other where the 
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engine is placed on separate wheels, and is merely used 
to propel or draw the carriage. Although the difference 
of weight may be in £BtTour of the former mode, yet, as 
on the latter it is divided over eight wheels, instead of four, 
its small excess cannot justify a larger toll being imposed, 
as it will be found much less injurious to the roads. The 
Committee, therefore, recommend, that in charging toll, 
the engine-carriage and carriage drawn shall be considered 
but as one. 

'' As it is the opinion of all the engineers examined, 
that the use of narrow wheels has been the great cause 
of the wear of roads, and that cylindrical wheels, of a 
certain width of tire, are not only the least injurious, bat 
that, in some states of the road, they may be even bene- 
ficial, the Conmiittee recommend, that the wheds <^ the 
engine-carriage should be required to be cylindrical, and 
of not less than 3^ inches width of tire. No proprietor of 
steam-carriages has expressed the slightest fear of any incon- 
venience or loss from the use of such wheels. Beyond this, 
the Committee would not recommend interference with the 
breadth of tire, or form of wheels ; it should be left to 
the proprietors freely to select the breadth of tire they 
shall find most convenient, in proportion to the weight 
carried. 

^^ The Committee have divided steam-carriages (in- 
tended for passengers) into two classes, to be subject to 
different rates of toll. The first, where the carriage is 
not plying for hire, or where, if plying for hire, it shall 
not be calculated for, or carry at any time, more than 
six passengers ; the original cost of such machines, and 
the expense of working them, will suflSciently protect the 
roads from any great number of merely experimental 
carriages ; and for the same reason they will not be of a 
weight or size likely to be injurious. A steam-carriage 
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Qsed where great speed is required, and will be bo light 
ss to cause very little wear of the road, probably much 
less than many carriages drawn by the number of horses 
which the Committee recommend as the standard of chai^ 
for this class. The toll, therefore, propoaed to be placed 
on this class of steam-carriages is that which (on the 
several roads where they may be used) is charged on a 
carri^e drawn by two horses. 

" In the second class they have placed all other steam- 
carriages, except those travelling at slow rates, for goods 
only ; carriages of this class should pay the same toll as 
may he chained on a coach drawn by four horses. This 
may at first appear unjust from the supposed power of 
steam to draw almost unlimited weight. The Committee 
have already enumerated the ditHculties hitherto encoun- 
tered in attempting to propel very heavy loads on turnpike 
roads. They ore such as to discourage the expectation, 
that, within any short period of time, the system will have 
been so perfected as to give rise to inconvenience from this 
source: should any hereafter be found, it will then be 
sufficient to remedy the defect. Until a due proportion 
of the parts of the machinery shall have been ascertained, 
the makers of these carriages will vary but cautiously from 
the models at present in use ; their object will be, for some 
time, the perfecting of them, rather than the uncertain 
experiment of increasing their size. 

" The Committee do not anticipate, that, for a con- 
siderable period, steam will be used as a propelling power 
on common roads for heavy wagons. It appears to have 
been the general opinion of the witnesses, that in propor- 
tion as the velocity of travelling by steam on common 
roads is diminished, the advantages of steam over horse- 
power are lost. The efficiency of horses in draught is 
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rapidly increased ; while, on the contrary, the weight 
which could be carried or propelled at any great velocity 
by steam, coold not be more cheaply conveyed were the 
speed decreased to that of the slowest wagon. 

** As speed, therefore, is the canse of greatly increased 
expense where horses are used, while with steam it is 
oomparatiTely unimportant, it is probable that the latter 
will be chiefly resorted to when rapidity of conveyance is 
required. Mr. Gumey considers, that under four miles 
per hour horses can be used in draught more economically 
than steam. Should it, however, be deemed profitable to 
convey heavy goods by steam-carriages, the Committee 
recommend that there should be as little interference as 
possible with the number of carts employed ; as the effect 
on the surfisuse of roads would be infinitely more injurious 
if heavy loads were placed on a single cart, than if the 
same weight were divided over several. The Committee 
recommend, that where carriages containing heavy goods 
alone are [HX>peUed by steam, the weight of the load 
should be charged without reference to the number ot 
carts on which it may be carried. 

" As a horse is able to draw fipom 20 to 40 cwt. on 
common roads, they propose that each 20 cwt. of load con- 
veyed in or drawn by a steam-carriage should be chargeable 
at the same rate of toll as one horse drawing a cart. 

" A charge on weight is not so objectionable where 
goods are conveyed at a slow rate, as when speed is alone 
required. 

" In conclusion, the Committee submit the following 
summary of the evidence given by the several witnesses, 
as to the progress made in the application of steam to the 
purposes of draught on common roads. 

'* Sufficient evidence has been adduced to convince your 
fiittee : — 
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^' 1. That carriages can be propelled by steam on com- 
mon roads at an average rate of ten miles per hour. 

" 2. That at this rate they have conveyed upwards of 
fourteen passengers. 

" 3. That their weight, including engine^ fuel, water, 
and attendants, may be under three tons. 

^' 4. That they can ascend and descend hills of con- 
siderable inclination with facility and safety. 

" 6. That they are perfectly safe for passengers. 

" 6. That they are not (or need not be, if properly con- 
structed) nuisances to the public. 

" 7. That they will become a speedier and cheaper mode 
of conveyance than carriages drawn by horses. 

" 8. That, as they admit of greater breadth of tire than 
other carriages, and as the roads are not acted on so 
injuriously as by the feet of horses in common draught, 
such carriages will cause less wear of roads than coaches 
drawn by horses. 

" 9. That rates of toll have been imposed on steam* 
carriages which would prohibit their being used on 
several lines of road, were such charges permitted to 
remain unaltered," 
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APPENDIX— (F.) 



Much of the effective power, even of a good steam- 
engine, is frequently lost by the friction resulting either 
from bad packing, or the use of improper oil. A very 
valuable instrument, called an indicator, has been devised, 
which accurately registers the labours of the engine, in 
these and a variety of other respects. A case in which it 
was found eminently useful, will best illustrate its applica- 
bility when the machinery put in motion by steam-power 
varies from new or extraordinary circumstances. 

In the first experiments with the engine to which we 
allude, it was found, when the whole was in motion at 
the usual velocity, that the average pressure upon each 
square inch of the piston amounted to 11*7 lbs., or about 
one-third more than it ought to have been ; and that at 
that time the engine, which was of forty-five horse-power, 
exerted a power, including its own friction, of more than 
seventy horses. It being discovered, in repeated trials 
with detached parts of the work, that the same extraor- 
dinary absorption pervaded every department, it became 
obvious that the effect was produced by some generally 
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existing cause; and attention was naturally directed to the 
qaality of the oil which was in use throughout the work. 
At one time that kind waa used which is known under the 
name of neat's-foot, but owing to its scarcity, and the 
extreme cheapness of rape oil, a small portion of the latter 
was mixed with the former. No apparent difference being 
discovered by the workmen, this proportion was gradually 
increEieed, until, the stock of neat's-foot oil being at last 
consumed, the rape oil became the sole anti- attrition. 
And so gradually had the change been eifected, that the 
workmen, even to the last, denied the existence of any 
unusual friction, and attributed the want of speed solely 
to some defect in the engine, which daily exhibited stronger 
symptoms of being over-loaded. At length, the use of the 
rape oil was suspended, and spennaceti substituted ; and, 
in twenty-four hours, the average pressure was reduced to 
9-5 Ihs.; in a week after it had fallen to 91. At this 
time a mixture of one-third sperm, and two-thirds rape- 
oil, was given out to the workmen, and the friction, after 
the first day, gradually increased, until, at the end of a 
fortnight, the average pressure became ll'l lbs. A return 
to the pure sperm-oil again reduced the pressure to 9-6. 
Now, the indicator exhibits to our view the succes- 
sive changes of pressure which take place in a steam- 
engtue cylinder during each stroke; and, by also marking 
the duration of each particular pressure, it affords, with 
an elegant simplicity, a very near and correct approxima- 
tion to the power exerted. The results which it yields 
are so tangible, and in many situations so important and 
instructive to those who have the distribution and appli- 
cation of the power derived from steam-engines, that we 
think it only requires to be more generally knowD and 
understood to be oftener applied. 




The top of the steam-engine cylinder-cover 19 fumi^ed 
with a stop-cock b, usually made to answer the seat of 
the grease-cock ; c the indicator cylinder, about one incli 
and three quarters in diameter, and eight inchea long, 
open at top, and screwed at bottom upon the stop-cock h. 
The flat pillar d, ie screwed to the side of the cylinder c, 
and supports the Irame e e. The piston is sliewn at/. It 
ia fitted so as to work easily up and down, and to be, at 
the same time, air-tight. The frame ee is twelve inches 
by seven inside, the under and upper rail being grooved 
to retain the sliding-board k. The piston-rod g, is about 
five-eighths of an inch in diameter, and sixteen long. A 
cross guide is screwed to the pillar d, at six inches above 
the top of the small cylinder, and through which the piston- 
rod passes, A spiral spring is attached to the piston at 
/, and the guide above. It should be about seven inches 
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long when at rest, and of such a strength as to allow the \ 
piston t0 descend nearly to the bottom of the cylinder, 
when it is loaded with a weight equal to fourteen pounds ] 
upon every square inch of its area ; it should also admit 
of being compressed about one inch and a half. There 
is a small board, about seven inches square, sliding in 
grooves in the upper and under rails of the frame ee. 
There is also a small brass socket, which may be fixed at 
any height upon the piston-rod by a tightening screw. It 
carries in the other end a short pencil, with a weak spring 
to push it forward against the surface of the sliding-board. 
A weight n, is attached by a cord to the sliding-board ; 
the other extremity is attached to any convenient part of 
the parallel motion, traversing a space of about four inches 
and a half during each stroke of the engine. 

From this description the principle on which the in-'j 
stmment acts will be evident. By opening the stop-cock 1 
h, a direct communication is made between the interior 
of the lai^e and small cylinders, and the density of the 
steam in the indicator becomes the same as in the steaim- 
engine cylinder above the piston. When this density is 
less than that under the atmospheric pressure, the indi- 
cator pbton will sink, when it is greater the piston will 
rise ; but the spiral spring, which, if carefully made, 
stretches through equal distances with equal weights, 
acts on the piston, and, by the distance to which it allows 
it to move from its state of rest, indicates the pressure it 
is undergoing. During each stroke of the engine, there- 
fore, the indicator piston will rise at the instant the upper 
steam-valve opens, and during the descent of the lai^ 
piston will maintain a situation in the cylinder propor- 
tioned to the density of the steam ; but when the eduction- 
Talve opens, it will sink : when the rapidity of its descent, 
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and the distance to which it falk, denotes the quality 
of the Tacuuxn. If, during thiB peipendicular alternating 
motion of the small piston, the sliding^board be made to 
perform its horizontal course, the pencil attached to the 
piston-rod g will trace a figure upon the board, or upon a 
piece of paper applied to its surface, which will shew by 
its form the strength of the steam and power of the engine. 



THE END. 
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AN ACT 

Q the Tonnage of Vesseb propelled by Steam. 

59th Geo. 3. Cap. 5. Be it therefore enacted, Sic. that 
the rule for admeasuring ships or vessels to be propelled by 
steam, shall be as follows ; that is to say, the length shall 
be taken on a straight line along the rabbet of the keel of 
the ship, from the back of the main stem-post to a per- 
pendicular line from the forepart of the main stem under 
the bowsprit, from which, deducting the length of the 
engine-room and subtracting three-fifths of the breadth, the 
remainder shall be esteemed the just length of the keel to 
find the tonnage. And the breadth shall be taken from the 
outside of the outside plank in the broadest place of the 
ship or vessel, be it either above or below the main wales, 
exclusive of all manner of doubling planks that may be 
wrought upon the sides of the ship or vessel ; then multi- 
plying the length of the keel by the breadth so taken, and 
that product by half the breadth, and dividing the whole by 
ninety-four, the quotient shall be deemed the true contents 
of the tonnage, according to which rule the tonnage of all 
such ships and vessels shall be measured and asceitaini 
any thing in any act or acts to the contrary notwitlisl 
ing; provided always, that it shall not be lawful \a stow o^' 
place any goods (fuel for the voyage excepted) in the said 
engine-room ; and if any goods shall be so stowed or 
placed, such ship or vessel shall from thenceforth be 
deemed and taken to be a ship or vessel which has not 
been admeasured according to the rules of this Act, and 
liable to all the consequences thereof. 
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APPENDIX (E.) 

Ckrinwliiyical Catalogue of Works descrijjlicr (if' tlie Steam 

Engine- 
BnANCAs. Le Machine, folio. Roma, 1629 

Marquis of Worcester's Century of luventioiia, 
l2ino. Lmdoti, 1663, 1746; Glasgow, 1767; 
Londim 1786, 1813, 1825.* 
Papin. Ilecueil de Pieces, 8vo. Cosset, 1695 

Savcry. The Miner's Friend. 8vo. London, 1702 

Isaac de Caus. New invention of Water Works, 

London, 1704 
Ars nova ad Aqnam Ignis adminiculo efficacissime 

elevanduni. Cassel, 1707 

■lohn Allen. Narrative of several New Inventions 
aiid Experiments, particularly the navigating a 
Ship in a Calm, and Improvements on the Engine 
to raise Water by Fire, 8vo. Ltrndon, 1 730 

Voyage de La Motraye, en Europe, Asie, et Ainque, 

loho, 3 vol. (See vol, iii. p. 360.) La Haye, 1732 

Hull's Description of a new invented Machine for 

carrying Vessels or Ships out of, or into, any 

Harbour, Port, or Hiver, against Wind and nde, 

12rao. LondoTi, 1737 

Desagulier's Course of Experimental Philosophy, 

4to. Lojuhn, 

Lavoisier on the Expense of Steam Engines, p. 63, 

Blakey aur los Pumpes a Feu, 4to. Amsterdam, 

Falck's Description of an Improved Steam Engine, 



1763 
177! 
1774 



8vo, 



London, 1776 



Leupold Theatruni Machinarum Generale, folio. 

Lips. 1780 
Belidor. Architecture Hydraulique, 4to. Paris, 1782-90 
Bossut. Traite Th^arique et Experimental d' Hy- 

drodynamique, 8vo. 2 vol. Paris, 1786-7 

Seophin de Men Copi, CEuvresde. 1787 

Prony. Nouvelle Architecture Hydralique, 4to. 

Paris, 1790-6 
Boulton and Watt's Directions for erecting their 

new invented Steam Engine, 8vo. 

" Tliis t'diliod coiitains a Series of Notes illustrative of tbe Marquis's 
nvontions. lo which is prefiKcd » life of llie noble author. 
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thort Statement of Boultnn and Watt, in Oppoai- 
ton to Homblower's Renewal of Patent. 8vo. 

London, \7Q-1 
Bkkey. A short Historical Account of the Inven- 
tion, Theory, and Practice of Fire Machinery ; or 
Introduction to the Art of making Machines, 
vulgarly called Steam Engines, 8vo. London, 1793 

Laiigsdorf. Lehrbuch der Hydrauhk, 4to. AUenb. 1794 
Smeaton's Reports, 4to, l^mdon. 1797 

Curr's Coal- Viewer, and Engine Builder, 4to. 

Sheffield, 1797 
Walker's System of Philosophy, 4to. 1799 

Nieuwe Verhandeligen van het Batasseh Genoots- 

chap. Rotterdam, 1803 

Walker on Draining Land by the Steam Engine, 

8vo. London. 1813 

Buchanan on Propelling Vessels by Steam, 8vo. 

Glasgow, 1816 
Dodd on Steam Packets, 8vo. London, 1818 

Rees's CyclopEedia, Art. Steam Engine. 
Brewster's Encyclopeedia, Art. Steam En^ne, 4to, 1823 
Stuart's History of the Steam Engine, 8vo. 1824 

Tredgold's Principles of the Steam Engine, (the 
best Practical and Scientific Account of the 
Steam Engine,) 4to. 1827 

Galloway's History of the Steam Engine, 6vo, 1827 

Farcy's History ot the Steam Engine, 4to. 1827 

Adcock's Examples of Steam Engines, 4to. 1827 

Telford's Reports on Steam Boats, folio. 1827 

Sir John Ross on Steam Boat Navigation, 4to. 1828 

Alderson's Account of the Steam Engine, 8vo, 1633 

Dodd and Hann's Mechanics for Practical Men, 

8vo. 1833 

The Lever Engineer {the first division of), com- 
prises Boulton and Watt's Portable Steam En- 
gine in Elevation and Details, oblong atlas, folio. 1834 
St. Otway on Steam Navigation, 8vo. 1834 

Reports on Steam Navigation to India, folio. 1834 

Le Blanc Recueil des Machines, large folio, several 

livraisous. 1834 

Reports on Gnrncy's Steam Carriage, foho. 1835 



Metn^Iitana. JtI. Steam Engine^ 

3faimiactiires. and Machinery, 4to. 1836 

EjiCTelapctfia Britanica, seventh edition, Messrs. 

Kaek, North Biidge, Edinbui^ JrL Steam, 

4to. 1836 

Paitingtan?B Vopdin I ^e c ripo co of the Steam "Ext- 

gine, 8»a 1836 

Lsidnei's Accoimt of tbe Ste«in Engine^ dvo. ]e36 

nmboor (Cher. de). Practical Treatue of Loeo- 
nkotiTe Steam Engme, with Dumerous Experi- 
ments, 8to. 1836 
Gordon upon Elemental Locomotkm, 8vo, 1836 
Templeton's Engineer's Companion, l:2mo. 1836 
Farey on tbe Relation between the Temperature 
and Elastic Force of Steam, when confined in a 
Boiler containing Water. See Transactions of 
the Institution of CSvii Engineers, 4to. 1836 
Farey's ApproximatiTe Rule for Calculating the 
Velocitv with which a Steam Vessel will be im- 
pelled through still Water by the exertion of a 
given amount of ^lechanlcal Power, or Forcible 
Motion by m^ne Steam Engines. See Trans- 
actions of Uie Institution of Civil Engineers, 4to. 1836 
Wickstead's Effective Power of the High Pressure 
Espanave Condensing Steam Engines, commonly 
in use in Cornish mines. See Transactions of the 
Institution of Civil Engineers, 4to. 1836 
Philosophical TRANSAcnoKs. 
Papin's Engine, vol. xix. p. 481. 16OT 
Savory's Steam Ejigine, voL xxi. p. 228, 1699 
Payne's new Invention of evpanding Fluids, voL xlL 

p. 821. 1741 

Blake on Steam Engine Cylinders, vol. xlvii. p. 

197. 1761 

Smeaton on De Mosra's Improvements on Savery's 

Ijigine, vol. xlvii. p. 436. 1751 

Rtzgerald on increafing Steam by Ventilation, roi. 

i. 53, 370. 1757 

Davies Gilbert's Observations on the Steam Engine. 1827 
Davies Gilbert's Observations on the Progresave 
'mprovements made in the efficiency of Steam 
Igines in Cornwall. 1830 




R-pump, for steam-engines, description of, 12^ 
Ali^ohol, vapour of, its use as a subalitute for Etcam, 31. 
America, tbe atmospheric engine first employed in, 39 ; Mr. Trciitliick con- 

stnictB steam engine for South, 41 ; Mr. Fulton introduces the steam 

Amontona, Gre-whcel invented by, 20. 

Atmospheric Engine, suggeatcd by Pa|)in, 12 1 applied to the draining of 
mines by Newcomen, 1 7 ; ingenious mode of illuslniling the operations of, 
18 J H. Beighton's improvements. 1 9-, first employed in North America, 39 ; 
description of. 14S. 

Baromcter-guagc, 124. 

Barton's, Mr., piston, 121. ,^1 

Beighton, H., improvements on the almoBpiieric stcam-engmc, 19. ^^| 

[lell-crank Engine, constructed by Boulton and Watt, 36. .^^ 

Berry, Mr., improvements in the generation of steam. Sic, by, 241). . 

Blenkinsop, Mr., conslructa an iron rail-rood for locomotive engines, 42. 
BoBi, Mr. James, the steam engine of, 15. 

Boiler, employed by Brindlcy, 134; Savcry, ibid; Marquis of Worcester, 

ibid. ; Newcoraen, ibid. ; wooden boilers introduced hy Messrs. Andcrsou 

and Livington, 135; Boulton and Watt, 135; Woolf, 136; Trcvithick, ibid. 

Brulhwaite, Mr., evidence upon steam navigation by, 82. 

Braithnaito and Ericson, Messrs. , description of a light engine construelcd 

by, eo, 6S, 
Bramah, Mr., evidence upon steam navigation by, 70. 
BrancBs, suggestions for a high-pressure steam-engine by, 6, 
Bridges, portable steam-engines now employed in the erection of, 33. 
Brown, Mr., on the construction of a gas-engine by, 14. 
Brunlon, Mr., evidence upon steam navigation by, 89; 

consuming smoke, 170. 
Brunlon, Mr., evidence illustrative of bis boiler given bt 

the Mouse of Commons, S61, 362. 
Buchanan's Mr., calculation of the eipense of a ateom-boat on the Clyde na- 
vigation, 60. 

Calorie, the principle of the high-pressure steaii 
of steam to expand itself by the addition of a 



. improved mode of 



Curiagcs, portabli! stcam-cuginee etniilojed Tor jiropclliDg, 33. 

Cortorigbt, Mr., suggests the employment of vapoor of alcohol 09 i aubslilutc 
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iCOfth 



Century of in»ei 

Cbapraan, Mr., evidence upon steani navigation by, 75. 

Cold Kiler pump, improvement in, StU. 

CoUiDge, Mr., evidence upon Ream navigation by, 73. 

Condenser introduced by Watt, 24; dcKiiption rX, 123; by Mr. Cart 
wrigbt, 193. 

Congreve, Sir W,, mode of coDEuming imokc and increasing heat, I6B; ro- 
tatory engine by, 333. 

C«>ke, Mr., rotatory engine by, 37. 

Counter introduced by Watt, I2!l. 

Crank and fly-wheels suggested by Hulls, 47, 

Cylindera, Sir Samuel Morland's table for the siie of . 1 1 ; Cylinder and Ks- 
toD of utmospbcric engine, 1 IS, 146. 

Dolesmc, M., suggests a mode of uonsunting smoke, 167. 

DeslandcE, slcam-ivbecl invented by, 20. 

Diagonal bracing, utility of in Bteam-boats, 1 03. 

Dodd, Mr., evidence upon steam navigation by, 84, Ul, 07. 

Etonkin. Mr., evidence upon slcam navigation by, 63. 

Double-acting engine suggested by Fdck, 19; Messrs. Funton. Murray, and 

Wood's, U9. 
Double -cylinder eiponsioD-engine, 157. 
Draining land by steam-engines, SO. 

Dupin's observations on the ateam-engiaes of England, 44, 
Dutton, Mr., improved mode of propelling vbsecIb by steam, by, 244. 

Edelcrantz, Chevalier, safety-valve invented by, 140, 
Evans, Mr,, high-pressuro engine by, 40. 
Expansion -engine invented by Mr. Watt, 29. 
Explosion of a steam-boat at Norwich, 63, 

Feeding pipe described, 147, 

Fire-wheel invented by Amontons, 20, 

Fly-nheel, description of, 139; rule for proportioning, 130; dispensed villi in 

a rotatory engine, 167. 
Francois, M, , engine for draining land by, 20, 
Freeling, George Henry, Esq., evidence by, 102, 
Freemantic, Mr., improved cold-water pump by, 203, 
Fulton, Mr,, introduces the ateam-boat in America, 50. 

Callaway, Mr,, evidence upon steam navigation by, 79, 
Gas, hydrogen, a substitute for condensable vnpour, 14. 
Govcmer, descripliou of, 133. 
Grisenthwaite, Mr., improvements in steam-engines by, iin. 
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Hall, Mr,, cviJence upon Bteam navigatioa bj, {*M. 

Hero of AEcKanctricii nlcam appontus br, 5. 

lligh-praeEnre boiler, 137. ' 

High-pressure steam, its oso as a prime mover, 33; first cniploj-cd to aJ. 

tKitage by Trevilhick and Virian, 34 ; description of engine, IM ; Mcnn. 

TVovithick, 155. 
Hobljn, Mr., an apparatus contrived by, 40. 
Holyhead siting pockets, 102. 

Hombloncr, engine with two cylinders by, 188, 193, 2(IH. 
Hulls, JonBthan, steam navigation suggested by, 46 ; proposes the cmplovmen™ 

of a crank and paddle wheels, 47. 
Hydrogen gas, a substitute for condensable vapour, 1 4. 



Kempel, rotatory engine by, 37. 

Lean, Mr., evidence upon steam navigation by, !)7. 

Lester, Mr., evidence upon steam navigation by, 9y. 

Leopold ascribes the invention of the high-pressure engine to Papin, 33, 

Lima, reception ot Mr. Trevithiek at, 41. 

Locomotive engines, their employment at tho Royal Arsenal in Paris, 4 

vantageously used by Mr, Blcnkinsop, 43 ; description of the carriage, lT|u 
LushingtoD, Mr,, introduces the steam-engine at Trinidad, 40. 

Maudstay, Mr., general arrangement of oae of the steam-engint 

by, 54 — 56; description of his portable engine, J(iO. 
Mask employed in rotatory engine, 164. 
Mastemian's rotatory engine, description of, 1 63. 
Mead, Mr., rotatory engine by, 219. 
Mercurial -gauge, its action described, 152. 
Meteor steam- packet, 103. 

Mississippi, Bccoont of steam-boats employed in its navigation, 5t 
Morland, Sir 9unuel, his ingenious inventions, 9 ; table for tbe 

dersby, 11. 
Moora, Savery's engine improved by, 14. 
Murray's, Mr., improvements in the interior surface of the cyhii 

the piston works, 1 23. 

Newoomen applies the atmospheric engine to the draining of min 
Watt's ^reot improvement in hb engine, 24. 

Nimmo, Sir., evidence upon steam navigation by, <J2. 

Norwich, explosion of a staam-boat at, 63. 

Tatcnts for steam-engine, App. (A) Adam, 223; Aldersey, 234 j AlegroB, 
238; Anderaon, 199, 248; Appleby, 2a7 i Archbold, 220; Amot, !3&t 
BadnBll,24,249,Sai; Banks, 244 ; Barlow/ 243 ; Berry. 249 ; Daroet, 2ua. 
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Bmrtm,iS7. SM; BMa,>»; BMkj. 193; BsMcr nd Cih, SS9; B*-' 
■^faUnlB<ale,2>lli Bc^33&: BiDiie^. Mil. 08 ; Bhrnaa 
Ctoi,aS6i IS* mi. 1W; Bhk(7, 15*: Sladd. I»f; Bm,»li Bod- 
ttj,taO; BMfts.UOi Bame, Chnbeft, md Gool^ SIT; Bowwnd 
BImiI. 337; BraOeT. 916; Bnmah ud KcUmb, 191 j IfciMili. I»9i 
BnaHej.tS*; &maiagtta,asa-. ftont. MS. ibid ; Bnind. 236 ; BnmUn, 
993, 33*. SaO; Vn^rip, SU, 23:. 3»; BndiF, 311) Bune, IM; 
B<nKanaad tfiO, SM; Bat, 349; BunoU, 243; Cwttf, 334, 2&S; 
Cutwrigfat, 19!, I9T ; Coitigen, M3 ; Cbqjnun, £23, Z3« ; Cbnrch, S3i ; 
VUA, S36: Oees, S90: Cl«k, SS3; CloM, 193; Codiraite, 941, 
H8; GoAnw ud Gillowtj, 833 ; CoA, 393; Coe, 315; Comle Se 
Plmdn^ 960; Co^me, 333, 336, S»l ; Cogke, IM; Cootciw, 
2il; Cfatigca, 943; Coodca and Partridge, 919; Craigic, 333; 
Oti^lUm, 333; Cntter, 339; DW(<e,3a9; Dawca, 339; Dnkia, 33^; 
Ddap, 196. SU; DefCfidl, 113; Derer, 197, 395; IHcksoD. 335; 
Doduej, 333; Dodd, 316, iUd, 318. 359; Dodd and Slppbenson, 228; 
Dcokin, 303. 330; Dtx^as, 3«0, ilnd; Daadrdaad. 361; Ehrakin, 397; 
DbUidd,344; EaH oT Stanhope, 300; Earie, 910; Eckhardt. 196; Ed- 
nrdi,304; Egetl>,33A; En^lisli. 220; EricsoD, 355; FesscmDefer, 319; 
Rshpr vh) Hartan, 937 ; Fbnt.314; Foreman, 937 ; Poi and Lean, S£5 ; 
Praser, 933, 343, ShS ; Fmaatatle, 302 ; Funih*] and Smith, 237 ; Gil- 
bny, 343, 251 ; Gilman and Sooterfay, 233 ; Gilpio. 335 ; GladMone, 83C ; 
GlBiebrook, 300; Good, 335; Gonlon, 35S; GregKiii, 931; GriKn- 
Ihwaite. 245; Grenier, 330; Griffith, 235; Grore, 193; GunLef, 239, 
342 ; Hague, 334 ; HaKbuitoii, 233 ; Uall, 237, 343, 35<^ 351 ; HaDCoek, 
259; HaK, 198; MeAert, 257; Uiggins, 209; Higeittson, 996; Hills, 
358; HoliDe,3«0; Horablover, 188,193,208; Htd], 184; UoulntoRh, 
229; Ikin, 339; Isac. 344; JmMi, S35, 338; Johnson, 390, 337; 
JoDca and Ptimlej, 293; laUx^, 993; EHIfj, 237; King. 233; Kjan, 
361; Lamb, 217; Lane, 319; Leach, 203. 336 ; LcsIct,317: Lewis,3a2; 
lJnnaker,S19; Linbni, 257; Llovd,l92; Loean,225: L<aidi>ii,23$; Loh, 
998,330; MainiiBring, 931; Hallam, 339; HaodcaUf , 359 ; Man, MS; 
Wlf Naughtoo,316; Manbj, 336 ; Marquis de Chabannef, 196,339.931; 
Martin, 309; Maslennaa, 235 ; HaiuUlaj, 31S; Maodalay and Field, 33S ; 
Mead, 319; MedhuiM,90O; Mercj, 941 ; Mien, 225; Aliller, 214, 318; 
Morgan, 247 ; Moore, 334, 33^ 344 ; MoBlt.999, 331, 933 ; Monro, 2S1 ; 
Montr}', 360; Munti, 93t), 960 ; Mufdock. 1 95 ; Munaj. 194, 19S, !HIO;Miit- 
raj and Anderson, 330 ; Neville, 330, 343 ; Newcomen and Cawie;, 184; 
Nicholson, 21 7; Noble, 220, 237 ; Nott, 250 ; Oldhan), 231, 234; Oibome, 
331; Palmer, 341; PaikinMO, 303 ; Paikcs, 334; Parr. 241; PaAinsoi. 
342 ; Peck, 243 ; Prameck, 335 ; Ferkiiu. 236, 237, 343, 25! ; Periuoa 
and Martincau, 237; Petril, 359; Pollod^218; Ponltfex, 333; Poole, 
231, 348; PHce, 319; Pritchard, 334; gueiroi, 193; KaddaU, 13B; 
Rapoio, 193; Rastrick, 337; Rnjley, 193; Redmond, 960; Rejnolds, 
951; Rider, 207, 334 ; Roberts, 250; RoberUon, 197, 341 ; Robins, 318; 
Rogers, 330; Rontledgc, 932; Rowntree, 193; Russell, 258; Sadler, 
S^l, 201 ; Saverj, 183; Scanllehury. 220; ScMI. 231 ; Seaward, 
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233, 246; Scrivener, 251; Sharper, 200; Skene, 243; Slater, 288! 
Smith, 2ie, 230, 24S ; Steed, 189; Steele, 22(> ; Stein, 235; Steni 
KIO; StinnMrcet, £42 ; Stephen, 204; Stephciu, 242; Stepheiuon, 9 
247,269; Stecens, 210; SteveDSonB, 257) Squire, 259; Stewart, 1' 
Slirling, 230 ; Stratton, 200,231 ; Streel,l»lj Strang, 192; Sutherland, 
226, 227; SundeTluid, 264 ; STUiiligton, 199; Taylor, 230, 233,237, 
239; TcUsicr, 239; Thompson, 191, 258; Thompson and Barr, 239; 
TiUock,^3S; lindal], 227; TrovilHck, 238, 249 ; TreiitMck and Vivian 
200; Trotter, 214, 225; Turner, 230; Vmey, 244; Wakefield, 334. 
Washborough, 1B7; Watt, 18S, 189, 190, ibid.; White, 227, 25?; 
WigBton, 237, 259; Wilcoi, 199, 202, 204, 210; Wilkinson, 194, 
Wilks,a42; Witty, 221, 223, 227; Woodcraft, 243, 247; Woolf, 203 
205,211,222; Wright, 239, 260 ; Young, 200. 
Paddle-wheels, Mr. Hulls proposes the employment of, 47. 
Papin, Dr., describes a mode of rasing water by the agency of steam, I ) j' 
description of an atmospheric engine by, 12 ; ionproves Sarery's engine, 1ft. 
Parallel motion, conslruction of, 125. 

Partes, Mr., smoke consuming apparatus by, 170 ; evidence in lavour of, 248. 
Perkins, Mr., improvement in generating eleam by, 252, 256. 
I^ston, description of, 1 1 S ; improved by Woalf, 1 20 ; expanding metal, by 
Cartwrighl, 120; Mr. Barton's, 121 ; Mr. Murray's improvements in tlie 
interior sqrface of the cylinder in nbicb the piston works, 122. 

Plug-frame, its application, 29. 

Pontifei, Savory's engine improved by, 142. 

Portable high-pressure engine, description of, 1 70. 

Portable steam-engine conEtmctci! by Mr. Smeaton, 32. 

Rail-road, Mr. Ulenkinsop constructs one for locomotive engines, 42. 

Report of Committee upon steam navigation, 98. 

RichCer, Mr., evidence upon steam navigation hv, ST. 

Roberton's, Mr., consuming smoke, and increasing heat, ]6t^ ; new mode 
propelling vessels by steam, 241. 

Rogers, Capl., evidence by, 168. 

Rotatory engine, suggested by Kcmpel, &c., 37; improved by Masterma 
104; patents for, 187, 190, 193, 199,202,217,219,234. 

Sadler, Mr., patent far a rotatory engine, 37. 

Safely-valvB, its use, 13fi. 

Savery, Captain, obtains a patent for a new mode of raising water, 12; stco 
engine by, 12. 

Seaward, Mr., apparatus for economising steam by, 246. 

Sheffield, Mr., Bir..cDnductors, 173. 

SioglC'ttoting engine, description of, 148. 

Smeaton, Mr., portable steam-engine constructed by, 32. 

Smoke, from steam-engine furnaces, mode of consuming, 167, 168, Iti!). 

Soho, described by Dr. Darwin, 28. 

Sovereign eteam-paeket, 103. 

Stanhope, Lord, a very ingenious apparatus invented by. 51. 

Steam-boat constructed by the Morijuis de JonflTDy at Lyons, 50 ; dcscripli 
of one constructed by Mr. Symington, 51 ; explosion at Norwich, 63. 
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Stcam-carriagc employed at Wylam Colliery, Newcc^e, deicription of, 177. 

Steam-guage, 124. 

Steam navigation, nret suggested by Mr. Hulls, 46 ; attempted by Doquet 

and the Marquis de Jonffiroy, 49. 
Steam navigation, witnesses examined by Committee of House of Commons, * 

63 — 102; Braithwaite, 82; Bramab, 70; Bnmton, 89; Chapman, 75; 

Collinge, 73 ; Donkin, 63 ; Dodd, 84, 91, 97 ; Galloway, 79; Hall, 82 ; 

Hunt, 66; Jessop, 91; Lean, 97; Lester, 98; Maudslay, 78; Nimmo. 

92; Richter, 87; Steel, 89; Taylor, 70, 76; Tilloch, 83; Vivian, 94; 

Woolf, 93; Wright, 86; PreeUng, 102; Rogers, 168; Brown, 118. 
Steam, phenomena connected with the fonnatioii of, 2y 3, 4« 
Steam-pipes, description of, 138. 
Steam-wheel invented by Deslandes, 20. 
Steel, Mr., evidence upon steam navigation by, 89. 
Stephenson, Mr., new Diode of constructing wheels for railway carriages by, 

247. 
Summers, Mr., improvement in the construction of steam engines by, 245. 
Symington, Mr., description of a steam-boat constructed by, 51. 

Taylor, Mr., evidence upon steam navigation by, 70, 76 ; arrangement of the 

piston-rods of cylinders of steam-engines, 239^240. 
Throttle- valve, its use, 132. 

Tilloch, Mr., evidence upon steam navigation by, 83. 
Trenchard, Mr. Secretary, queries of, 48. 
Trevithick, Mr., constructs steam-engine for South America, 41 ; reception of 

at Lima, 41. 
Trevithick, Messrs., high-pressure engine, 34, 155. 
Tredgold, Mr., his important calculations for the construction of steam-boats, 

263, 275. 
Trinidad, Mr. Lushington introduces the steam-engine at, 40. 
Troke employed in a rotatory engine, 163. 

Ure, Dr., experiments concerning the elastic force of steam by, 2; suggests 
the employment of vapour of alcohol as a substitute for steam, 31. 

Vessels, portable steam-engines employed for propelling, 33. 
Vivian, Mr., evidence upon steam navigation by, 94. 

Watt, Mr. James, outline of his improvements on the steam-engine, 24; 

double-acting engine, 29; expansion-engine, 29; consuming smoke and 

increasing heat, 168. 
Witty, improved rotatory engine by, 221 , 223. 

Woodcrofit, Mr., description of a patent paddle-wheel constructed by, 57, 59. 
Woolf, Mr., temperature and expansive force of steam by, 34 ; evidence upon 

steam navigation by, 93 ; his double-cylinder engine described, 157. 
Worcester, Marquis of, one of the first who suggested the use of steam as a 

prime mover, 7, 8, 9. 
Working Beam, 125. 
Wright, Mr., evidence upon steam navigation by, 86. 
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